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RESEARCH MEMORANDUM

ABSTRACTS PERTAINING TO SEAPTANES
By Jerold M. Bidwell and Douglas A, Xing

SUMMARY

About 400 references pertaining to the hydrodynemic design of
seaplanes have been campliled, and the information is presented in
the form of absixracts cla.ss.nfied. wder six main headings: GENERAL
INFORMATION, HYDROSTATICS, HYDRODYNAMICS, AFRODYNAMICS, OPERATION,
and RESEARCH.

An auvthor index and & subject index are included.
INTRODUCTION

A large volume of technical information peritaining to seaplanss
" has accumulated but exists, throughout the world, in scattered and
fragmentary treatises, Pert of the largs number of. references
pertaining directly to the hydrodynamics of seaplenes, as well as
indirectly to hydrodynamic design, has heen compiled. and classified
by the National Advisory Committee for Aeronauntice, " Each paper has
been reviewed and ahstracted with special attention given to
organizing the information in such a way as to be ussful to persons
engaged in seaplans'ressarch and development.

The abstracts are not Intended as substltutes for the original
pepers but serve only as condsnsations of the importent points. It
is believed, however, that in many cases the abstracts will contain
sufficient information to obviate procurement of the original papers.

References used have been prircipally books, soclety Jjournals,
periodicals, Amerlican and British publlshed and unpublished reports,
and reports made avallable by Boeing Aircraft Company, Consolidated
Vultee Alrcraft Corporation, The Glenn L. Martin Company, and Stevens
Institute of Technology. Miscellaneous Amorican, British, French, -
German, Russian, and Spanish books and pespers have also been included.
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Meny ebetracts were taken directly from summerles In the
original papers. Abatracts were elso taken from "Science Abstracts”
and indexes in the "Aercmautical Engineering Review." Acknowledgment
is made to James M. Benson, Calvin-M. Class, Ralsh W. Krone, and
Annle Mary Matthews for asgistling the authors in the preparation of
the remaining abstracts.

METEOD OF FRESENTATION

Abstracts

The cleassification system for the abstracts has been madec so
general as to Include eny concelvable report that would pertain to
the hydrodynamics of sgeaplanes. The hesdings have been arranged to
pexrmit the use of a number classification system, if it 18 g0 desired
at & later date. :

The medin headinge have boen designated GENERAL INFORMATION,
HYDROSTATICS, EYDRODYNAMICS, AERODYNAMICS, OFERATION, and RESEARCH.
The GENERAL INFORMATION classification is concermed with biblic-
graphical references and references Iin which the performance or
geometrical chardcterlotice of Beaplanes are described or dlscussed
in a very general way. References that deal with a seaplane ¢t rest
in the weater are classified under HYDROSTATICS. EYIRODYNAMICS, which
is the main subject under comsiderstion, contains references that
relate to the hydrodynamlc characteristics of a seaplane from rest to
get-away. AERODYNAMICS iIncludes informetion on the aerodynamic
characteristics that directly or indirectly influence the design of
the hydrodynemic surfaces. OFPERATION containg those references in
which the conditicns vmder which seaplanes mmst operate are described.
References which relate to the mannser in which research is ca:r-ried out
and to the equipment used are classified under RESE:LRCH . -

The complete clessificetion used 1s as follows:

GENERAL INPORMATION

General

Doglign
Desgcrivptions
Take-off
Bibliographies
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EYIROSTATICS

General
Buoysncy
Stability

EYIRODYNAMICS
General

-Hydrodynamic sustenteticn

Planing surface
Steady condltlon
Urgheady condition

Eyircofoil '

Parces snd moments on lwulls snd floats

Longitudinal forces snd moments

Steady condition
Resistance
Lift

. Moment

nsteady condition
Hesistance
Lift
Yoment

Lateral forces snd mamsuts
Bteady condition
Side force
Reeling moment
. Yawing moment
Tnsteady condition
Side force
Heeling moment
Yawing moment

~ Pressure d1atributions
Sprey and weke .
Stebility indsy way

Longlituiinal stebility
Low-angle stebllity
Bigh-angle stability
Stebhility characteristics

teral stability
Esel stzbility
Directional stabllity

L3
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AFRODYNAMICS

General
Propulaive arrengements
Forces and moments on hulls and floats

OPERATION

General
Plloting
Seaplane bases
Seaways

RESEARCH

General
Equipment
Technique

The abstracts are arranged élphabetically by title under the
headings and are nurbered comsecutlively. At the end of each group
of ebstracts, reference 1s made to other @bstracts which contailn,
in part, informetion of interest om the same subject. In cases in
which two or more reports contein similar anslyses of the same datse,
the abatracts are groupsd together under the same abstract number with
succegsive abatracts’ taking letter suffixes. The most complete or
the most genersally available report is listed first.

Abstractors' notes are enclosed hy'brackets.

Author Index

In hydrodynamics, as in other Tlelds of research, the names of
the authors are very useful in loceting information of e type for
which an euvthor is well kmown. The names of the authors of the
pepers given are indexed alphabetically. After the name of each
euthor, a list of abstract nmuwbers is given indicating the reports
of which he was aunthor or coauthor.

SubJject Index

The subJject index ls intended to meet the needs of persocns
interested in the specific details of the hydrodynamice of seaplanes.
Resgearch and design paremeters, auxiliary devices, specific functional
parameters, and seaplene designations are listed. The subject
index is not intended to be complete but includes the Ffactors that
appear to be of most Interest to seaplans spaclalists.
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GENERAL INFORMATION
General

1. Burgess, C. P.: Aeronautica in Newval Lrchiteobture.
SAE Jour., vol, 40, no. 1, Jan. 1937, pp. 13-13.

Waval erchlitecture and seronautics are compared to show what
each has learmed from the other. Design and performance of alrplanes,
flying boats, airshlips, hydroplenes, steamshlps, and sallboats are
given with the edvantages and disadvantages of each type. The
cutatanding performance record of the Graf Zeppelin ie cited as proof
thet the airship 18 more suiteble than the alrplane for long-range
oceanic tremsport. Submerged hydrovanes for hydroplanses, seeplenes,
and flying boats, with thelr adventages =nd disadventcages, are
discussed. An asronauticol method of snalysis is used to expleln vwhy
some yachhts are closer-winded than others with eimilar sails and

rigging.

2. Schildnauer, C. E.: A Ballot for the Flying Boat. Avistion,
vol. 43, no. 5, May 194k, pp. 119-121, 263, 267.

After the war, when low operatlng costs will be a primery
requisite, the flying boat will hold & prominent place in inter-
natlional air transport. Comparisons of the speed, fuel-cargo ratios,
ton-mile figures, texrminal costs, mainbenence, and other factors show
that for 175,000-pound sirplanes st & representetlve range of
3000 miles +the opersting cost of the lendplenes will be 62 percent
more por ton-mile than that of the flying boat.

3. Roché, J. A., end Pack, M. N.: Bombers (Second Edition).
Appendix A by Ralph L. Cram, Boeing Aircraft Co.;
appendix B by A. 4. Priegter, Pan Amsrican Alrways.
ACTR No. LU0l, Materiel Div., Army Air Corps, July 29, 1938.

Appendix A: A Discussion of Some of the Relative Meriise of
Landplanes in Comperison $o Seanlanes.

. A comparison was made of the relatlve merlts of s landplane and
& Seaplane heving a grogs weight of 41,000 pounds and similar wing
and power loadings. It was found that the seaplane is hcavilier duwe
to the large hull and the reinforcements of the serodynamic structure
necesgltated by hydrodynamic factors. The high air drag of the hull
seriously handicapa the performancs of the seeplane. Landplsnes are
limited in gross loed largely by the length of the rmways while
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GENERAT, TITFORMATION
General :

geaplanes sre limited by insufficient thrust for tale-off. Seaplanes
ere particulerly unsultsble for the installetion of pressurized
cabing and for strategic borbing conmbalb.

Appendix B: Iendplenes vs. Flylng Boats.

Evidence 1a given vwhich shows that seaplanes sre more eXxpensive
and heavier than lendplanes but that their real disadvantage lies
in the low cruising speed of present designs. As seaplenes get
larger, the disadvanteges will become fewer. A program of fuhture
design is briefly roviewsd. The critical relation between comfort
of the operating crew and efficlency of operation is discussed. A
reevaluation of the weights of lendplsnes and sesplenes reveals that
the seaplene is more efflcient than the lsndplans.

k. Parkinson, John B., and Fisher, Hazel S.: The Performsnce of
Long-Reange Trensport Alrplsnes Powered by Four 3000-Horsepower
Engines. NACA MR No. I3E29, Bur. Aero., 19L5.

Charts are presented showing the performsnce of long-range
transport lendplsnes end seaplenes powered by four 3000-horsepower
engines and opsrating at 10,000 feet altitude over & range of
3500 miles. The performance characterlstics considered are everage
cruising speed alt 60-percent power at 10,000 feet, pay load, and ton-
miles per hour per horsepower as functions of the wing loading and
power loading {gross welght). The charts indicebte the dependence of
the performence requlrements of interest in long-range transport
operation on the primary rverformance paremsters sand enable en
evaluetion of the effects of differences in dysg to he made at
compareble valuss of these parameters. It Is concluded that reduction
of the large body drag of the sesplane as campared with the landplans
constitutes the most promising msans for improving its long-range
transport effectiveness.

5. Alfero, Heraclio: Possibllities of Large Flying Boats for
National Defense. Aero Digest, vol. 37, no. %, Oct. 1940,
pp. 43-45. '

The vresent war has not definltely established whether alrplanes

are sufficient for coastal defense or ars to be preferred to batile-
ships, bub there is = tendency toward aircreft. Charascberistics of

MRS,
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GENERAL IIFORMATION
General

a large flying boat - the largest that the present state of knowledge
mekes 1t feasible to construct -are presented, snd the possgible use
of this flying boat for militsry sexrvice 1s considered. Ninety-four
flying boats of this type could be constructed for the cost of cne
bettleship. Load-carrylng cepacitles of both are compared, and the
strategic value of flying boats in protecting the Panams Canal is
pointed out. -

Four new englnes executed in twin form and giving 6000 to 7000
horaepower each, or a total of 29,000 horsepower, are proposed for
the flying boat, with the assumption that these engines can be
produced in a limlted quantity 2 yeers from now. Other basilc
characteristics of the super-sirplane contemplated include: power
loeding, 12 pounde per horgepower; wing loeding, 50 pounds per sguare
foot; aepect ratio, 9; maximum 11ft coefficient . Cp (with flaps),

2.5; gross weight, 336,000 pounds; wing area, 6720 square feet; span,
245 Peot; and minimum flying speed, 83 miles per hour.

Disposal loed, taken as S0 percent of the gross load, is dlvided
as follows: crew, squipment, and fixtures, 8500 pounde; fuel for
20 hours at 50 percent maxdimm power, 112,000 pounds; guns and
ammmition, 73500 pounds; bonmbs, 40,000 pounds; total useful load,
163,000 pounds. Space would be provided to carry 100,000 pounds of
bombs with & reduced fuel cargo ellowing a range of approximstely
10 hours. Cruising speed of 272 mlles per hour at 20,000 feet would
permit & rango of 5400 miles. Welght of armement equipment, performance,
design festures, sdventeges of Diesel power plant and the cost and time
necessary for productlion are considered.

6. Courtney, Frenk T.: Remote Propeller Drives. Part I.
Aviation, vol. %1, no. 5, Mey 1942, pp. 52-35, 247.

The general problen of transmitting power from convenlently
located power plants to remote propeller units is presented. Trans-
nmission by mechanical, hydraulic, and electrical methods 1is discussed.
The seaplane 1s cited as an example of remote propeller drive because
the propellers mat be out of the water spray.

4
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GENERAYT, IRFORMATION
General

Courtney, Frank T.: The Fubure of Water-Besed Airplanes.
Part II. Avietion, vol. 41, no. T, July 1942, pp. 91- 93,
2838, 291-292,

The general aspecta of water-based. aircraft are discussed and the
possible asdvantages of the waterplans over thse lendplene are clted.

Courtnsy, Frank T.: The Future of Water-Based Airplanes. Part IIT.
Aviationm, vol. 41, no. 8, Aug. 1942, pp. 93-95, 252, 255.

The reasons for the prssent superior performance of landplanes
are dlscussed. The more amnoying problems of waterplanes are pre-
sented and discuseed with a stafement of the evolution of the form.

Courtnsy, Frank T.: The Fubture of Water-Based Airplanes. Part IV.
Aviation, vol. 41, no. 9, Sept. 1942, pp. 116-119, 285-286.

Particular emphesis is given to problems relating to the form of
the bottom, Dead rise and complex transverse forms are dlscussed from
tho standpoint of impacts and hydrodynamic periormance.

Courtnsy, Frank T.: Ths Puture of Water-Based Airplenss.
Part V. Aviation, vol. 41, no. 10, Oct. 19k2, pp. 122-123,
31’-1- 317- 318 321-322.,

Special attention is given to the subject of porpoising. The
problem is presented and some attempt 1s made &t anslysias, Hydro-
folls are introduced and a suggestlon is made that they might
possibly be of soms wuee in Improving tha performance of waterplanes.

Cowrtney, Frank T.: The Fubture of Water-Based Airplanes. Part VL
Aviation, vol. 41, no. 11, Wov. 1942, pp. 122-123, 284-288.

The subJect of the air drag of hulls is touched upon with
reference to the placing of necessary excrescences. Rough water,"
ite meaning, and its effects upon performance are noted. Handling
of waterplamss at their mooring ls dlscussed and soms ldsas are
presented. The series of articles sre summearized and concluslons
axre reachad.
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CENERAT, INFORMATION
Genoral

7. Warner, Edward P.! Sesplanes for Commeorce. NACA ™ No. 193,
1923.

The United States and the British Ioles are well fitted, by
virtue of thelr geographical characteristics, for the development
of seaplanes on ccammercial air lines. Seaplanes have three commercial
adventages over landpismes: superiorlty of speed over existing means
of transport on the same routes; avallabllity and eass of use of
- emorgency landing areas; and saving of tims &t terminels, for, in
general, business districts of cities are located nesar the water
fronts.

8. Schuettel, Frederick P.: Some Aspects of the Seeplene. Asro.
Engineering, Trane. A.8.M.E., vol. 3, no. ¥, Oct.-Dec. 1931,
pp. 139-143.

After a brief historical résumé s marine alrcraft are discussed
wlth reference to efficlency, constructional featurea, deslgn of
floats and boets, engine arrangement, beam loadling, seawcrthiness,
gervice questions, officisl reguiremonts to be met, and so forth.
Many tables, charts, anéd illustrations are included.

The dlscussion of sesworthineses ls of speclal interest beceuse
it incorporates the behavior of the seaplsne during: (1) mooring,
(2) arifting, (3) towing, (&) texying, ](35) landing, end (6} teking-
off and also includes a discussion of different methods of embarking
end beaching. _

9. Sikorsky, Igor: Trend in Design of Large Flying Boats. Aero.
Digest, vol. 33, no. 5, Nov. 1938, pp. 4i-k7, 76, 8L,

A comparison of the relative efficiencies of lendéplanes asnd
ssaplenes usually results in 2 discussion of two major factors:
alr drag and useful load.

The dissdvontages of seaplenes in having greater alr drag are
compenseted by the need of landplanes for elsborate lending geer.
In small lend aircraft the increase in weight due to landing gear is
s smell factor compeared with the high alr dreg of the seaplunss,
vwheresas in large long-range transperts (200,000 1b) the weight of the
landing gear becomes a declding factor In favor of tiie seaplane.



NACA RM No. L6I13 [ 11

GENIRAT, THFOSRMATION
General

Ae 3% is evident that the sirliners of the future will be of large
glze, the flying boat will be mors efficient then the landplanes in
addition to heaving advevntages of safety and service.

It is noted that wvaluabls results may be obtained not only by
the usual research in towing tenks but also by towing mpd.els with a
specially arrenged motor boatb.

(Ses also abstract 113.)

Design

310. Boulton, B. C.: Aerodynamic Factors in the Design of Long
Range Flying Boets. Jour. Aero. Sci., vol. L, no. 6,
&pril 1937, pp. 254-257.

The various factors involved in the eguations cf speed and
power requirsd abt maximmm l1ft-drag ratio and the Bréguet formmla for
range ave consldered with special reference to the effects of wing
. Spen, perasite drasg, propeller efficiency, specific fuel comsumpbion,
altitude, headwinds, and gross welght on cruising speed and rangs.
The spplication of the basic princinles to the detorminetion of some
of the main characteristics of a flylng-boa'b design 1s briefly
discussed.

11. Richardson, Holden C.: Airecraft Floast Design. The Ronasld Press
Co., 1923.

Because information on aircraft Lloat design existed In isolated
and fragmentery btreatises on portinent thases and in many cames actusl
roferences wore unavailasble, & reel need has dbeen indicated for a
presentation and discussion of the fundsmentals of aircraft £loatbt shapes
and arrvangements. The subject of design is treated from the viewpoint
of form, arrangement, and proportion, end is carried into the determl-
nation of nerformsnce. Considerations affecting lording condltions are
pointed out and the ussfulness and importance of model teste are empha-
gized. Some attention 1s given to design festurss, tried heretofore
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GENERAL INFORMATTION
Degign

end found unsatlsfactory, and the records of some failures, where
these disclose little-known or novel phenamena of importance, are
included.

12, Diehl, Walter S.: The Application of Baslic Data on Planing
SurTaces to the Design of Flying-Roat Hulls. NACA Rep.
No. 69k, 19h0.

Basic 1ift deta on plening surfaces have been analyzed and the
data applled to the deglgn of fliying-boat hullis. It is shown that a
balance between slr and water forces veguires that the beam of the
planing avee bear a relatlon to the wing ares which is determined by
the 1ift coefflcient of the wing and by the angle of desd rise in
the planing surface. It 1s also shown that the fore-and-aft extent
of the required planing area depends on the angle of dead rise.
Failure to provide sufficlent length of plening area appears o be
the main reason for the poor water performence sometimes cobteined
when a large angle of dead rice is used.

13. TLocke, Fred W. S., Jr.: A Correlation of the Dimensioms,
Proportions, and Loedings of Existing Seaplane Floats and
Fl{ing-Boet Eulls. KACA ARR, Merch 1943.

Inasmich =28 the deslgn of seaplanes and flying boats is a sgeries
of compromises, a study has been made Lo detormine as fer as possible
vhat loadings and proportions have Dbeen arrived at by designers and
what, 1Ff any, Interrelations exlat between the loadings and proportions.
Differences among the designs consldered are In part determined by
varying requirements and the designs are not all of equal msrit. The
gtudy has been limited generally to sesplanes bullt in the last decade,
although a few interesting older designs have been included. Only
seaplenes built in Americe, Britein, and Germany were used in the study.
Data were obteined from American and British periodicals snd officlal
publications. In cases where figures wers unavellable, values were
scaled off drewings. Varlous plots were mede end from these plots
formlas of average design values heve been developed.
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GENERAT. JINFORMATION
Design .

14, Rumpler, E.: Design and Development of Seaplenes for Trans-
atlantlic Service. Aero. Engineering, Trans., A,S.M.E.,
vol. 3, no. 4, Oct.-Dec. 1931, pp. 127-13T.

The various problems involved in the design and construction
of a miltisengine twin-hull {iying boat capable of making a trans-
ocsanic nonstop flight of 5000 miles and carrying a pay load of
21 tons ars discussed. Among the topice included are location of
enginss and propellers, influsnce of load distribution on weight
of wing structurs, asrodynamical resserches of the GSttingen
laboratory on a model of an sirplane designed by Rumpler, hydro-
dynamic bests in the tanik at the Hamburg Shipbuillding Research
Institute, influsnce of variocus factors on size of pey load,
maximg powsr oulpubts from oversize engines at various altitudes,
and necessity of greatly increassd airplens speeds. A4 water
trimming rudder is recommended for use when the alr elevators are
ineffective at planing speeds. English and Cerman ressarch

- activities show that the actual maximum waor resistance is consider-
ably locwor than ths value obtalnsd by converting model results in
accordance witi Froude®s law and, compared with the model results,
it occurs at lower speeds. Catapulting and rocket-asslsted take-
off's ars briefly discussed es to thelr use on long-renge alrcraft.

15. Sottorf, W.: The Design of Floats. NACA ™ No. 860, 1938.

Following & swummary of the multiplicity of domestic and foreign
floats and a brief envmeration of the regqulrerments of floats, the
take-off process les discussed, with spaclal rofersnce to the effect
of the afterbody.

The esssntial form peremsters.and thelr effect on the qualities
of floats are dotailed. The paramsters discussed include beemnm,
length and shapeo of forebody, dsad rise, chine curvaturs, depth and
location of step, and angle of afterbody kesl. On this basis &
stanferd float dssign lgs dsveloped which in modsl families with
verying lsngth-beem ratio (6.04, T7.50, 9.19) and angle of dead rise
(20°, 25°) is analyzed by an oxporimental method which permits its
best utilization on any alrplans. A coamparison with +the best
U.S. NACA modsl no. 35 reveals the quality of the DVL standerd float
which, among others, is used on the Ha 139 of the German Luft Hansa.
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16. Gouge, A.: The Design of Seaplanes. Aircraft Englneering,
vol. II, no. 18, Aug. 1930, pp. 202-206,

Soms of the history of seaplanes is glven brisfly and the
importance of seaplenes in largs airéraft designs is emphesized.
The problem of laterel atability is introduced and charta are
presented to show the water reslstance of tip-float, twin-float,
and stub-wing systems of stebilization as functions of speed and
trim, Particular emphasis is placed on the design of the float
structure and several significent equations are presented. Preasure
measurements were made by the Short Brothors on the bottom of a model
flying-boat hull and & plot of the pressure dietribution at a speed
corresponding to 30 knots full size 1s given.

17. Parkingon, John B.: The Design of the Optimum Hull for &
Iargs Long-Renge Flying Boat, NACA ARR No. LiIl2, 194k,

Principles for designing the optimum hull for a large long-
range flylng boat are proposed to sult the requirements of minimum
dreg, seaworthiness, and ability to %ake off and land at all
operational gross woights. The principles include the use of
moderate gross-load coefficients, ample forebody lengths, end deep
gteps and the close adheronce of the form to that of & streamline
body of revolutlion with & moderate finenssse ratio.

The validity of the design principles is 1llustrated by the
results of tests in Langley tank no. 1 and in the Lengley two-
dimensional low-turbulence pvessure tumrel of the form of the hull
for a 400,000-pound transpoit flying boet, Those resulits indicate
that for large airplanss satisfactory hydrodynamic characteristics
can be attained without an undue pewnalty in flight performence
caused by the drag of the gtep and the chines,.’

The effect of size on the proportiions and the take-off per-
formance of long-range flylng boats 1s shown for three hypothetilcal
flying boats having gross welghts of 120,000, 300,000, and:

480,000 pounds end the sams wing loading, power loading, end hull
loading. When these loadings are held constant, the slze of the
hull rslative to the wing and the take-off time and dlstance are
decreased as the groes welght s Increased.

The hull of the flying boat, aside from its inherent abillty to
take off and land at sea, provides an immediate solution for the
landing~gear problem of lergs long-range airplanss.
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18. Benolt, Lieutenant: Designing Seaplene Hulls and Floats.
NACA ™ No. 376, 1926.

A peaplane should have a quick take-off, be sesworthy, end have
2 strong, light, and simple structure. Slight modifications of the
shape of the hull or floets may meke quite a difference in teks-off
and seaworthiness.

- Methods for determiring the best shape of a hull or float for =&
given purpose are as folleiis:

(1) By tests of models in a towing besin (Model tests represent
only one special cese of seaplsne operation, that is, nlaning in still
water without the action of the pilot at the conirols.

-—{2) By conrge.._rison of verious hulls that heve slreedy been built

{(3) By full-scalo tests of various floats on a seaplane -
egpeclially desimed for the purposs

. A discusalon of various factors in the design of seaplane hulls
is given, with some empirical relations for determining the beem and
Jength of the hulls.

19. Meyer, L.: Dimensions of Twin Sesplane Floats.
NACA T No. 719, 1533.

A study i1s made of a number of floats that have been epproved by
the Test Committee of Saint Rephsel to discover such lews asS may
pertaln to the design of twin seaplene floats. The following
reletionshlips were obteined by varlous calcuwlationse
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where

aross welght, metric tons
length, meters

maxlimim section, sguare meters
meximum width, meters

maximum helght, metoers

volume, cubic meters

<b e W

Upper and lower limiting values for the coefficient in ecach formula
were found by comperison with full-size floats found to be good by
the Test Committes.

20. Diehl, Walter S.: A Discussion of Certein Problems Connected
with the Design of Eulls of Flying Boalts and the Use . of . -
General Test Date. NACA Rep. No. 625, 1938.

A survey of the probleme encountered 1in Ppplylng general test
date to the design of flying~boat hulls is made. It is shown how
basic deslgn features may be readlly determined From special plots
of test data. A study of the effect of the slze of a flying boat on
the probeble limits to be cavered by the general test data 1s included
and recommendstvions for speclal teste and new methods of presenting
test date for direct use in design are glven.

21. Magaldi, Giulio: Hulls for large Seaplanes. NACA ™ No. 295, 1925.

The design of hulls for seaplansg of successively increesing
gross welght is discussed. Designing geometrically similar seaplanes,
thie scale varying eithor as the sguare root or cube root of the gross
welght, is shown to lead to inadmissible resulits. The ratio of the
gross wolght to the squere of the besm sghould lncreocge slightly with
the gross welght. Length, draft, and trasnaverse cross sectlon of
floats, structural weight, and the design of twin hulls avre dlscussed.
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22, Thormburg, F. L.: Hydrodynamics Manuel — (4 Digest of Available
Information on Flying Boat Hnlls). Rep. No. ZH-021,
Consolidated Vultee Aircraft Corp., Nov. 1Gkkh,

Information on the hydrcdynamics of flying boats from &
bibliography of 42 different referernces has been compiled and pre--
sented. The material has been organized to show the effect upon
performance of changes in length—-beam ratio, forebody, afterbody,
and the step. Other topics discussed include lonzitudinal steps,

- fluted bottoms, breaker steps, sprey strips, sponsons, planing flaps,
hydrofoils, wing incidence, tail demping, nower loading, hull loading,
center-of-gravity position, moment of inertla, radiuve of gyration,
lowv-aerodynamic~drag hulls, end spray and wave suppression. Criterions
and charts have been given where useful, and a falrly complets

nomenc lature has been inoluded. Data and formulas used in hydro—
dynemic deslgn have Deen tabulated.

23. Sumner, P, E.: Marine Aivoraft. Crosby Lockwood & Son
(London), 1930.

The size of Flying boats has reached a stage where construction
calls for the services of bhoth the aesronsubtival engineer and ths
navel architect to create & sesplane whereln a compramise is made
embodylng good esiodynamic qualities with the reguirements for
proper functioning on the water. A summary of elementary naval
architecture for the use of aeroneutical enginesrs and drafismsn
1s presented. Many flying boats bullt in various countries are
described, and serodyn=amic and propulsive characteristlcs, dlsplace-—
ment and buoyancy calculations, static stebility, hull lines and
lofting, systems of constiuction, and structurael materials are
bilefly diacussed.

24. Anon.: Navy Aeronautical Specificstion Tor the Deslgn and
Construction of Airplane Hulls. NAVAER SE-161, Bur. Aero.,
Aug. 6, 1945.

This specification embodles the general requirements of the
Bureau of Asronsuticas for the design of hulls for boai~type airplanes.
Items discussed are: hull (general, strength, comstruction); beaching
gear; required caloulotions, drewlngs, and date; water—tightness tests.
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25. Pugsley, A. G., and Fairthorne, R. A.: Note on Airworthiness
Statistics. Rep. No. A.D, 3123, British R.A.E., May 1939.

This note briefly dlscusses some general questlions now arising
in the analysis of statistical data such as are being collected cn
flying-boat elighiting snd take-off accslerations. The relations
betwsen such loeding data and airplane accident statigtice are
indicated. Attention is drawn to the ultimate value of general work
on this gqusstior both from the safety and the deslgn standpoints.

20, Seewald.,’ FPriedrich: On Floats and Float Tests. NACA TM
Neo. 639, 1931.

Some of thes fundamental problems involved in float design are
presented and discussed in detall. Steps that have been taken to
solve those problems and suggestions for futurs research are pre-
sented. Among the subjects dlscussed are: :

(1) The law of similitude and its boundary-layer considsrations

(2) Triming moments as they affect resistance and design

(3) Tmpact - its mature and kow it 1s controlled

(&) The need for more completve towing-basin-model date in order
to make possible reliasble teke-~off calculations

(5) The appllicatlon of design principles to floats

Of speoial interest is the analysis of the effect of longl-
tudinal siripson impact. The longitudinal strips on a float effect
an increase 1In the accelerated water mass. At the moment the strips
dip into the water a certain amount of alr space betwsen strip and
float bottom still exists. As soon asg this whole svace is filled
with water a certain mass of water must suddenly be sot in motlon,
whereby the strips prevent the flow pest the edges 1n & mannor
gimilar in effect to the end plates on an airplans wing.

27. Ebner, H.: Problems Apperbtaining to Marins Alrcraft.
R. T. P. Translation No. 1910, Britieh Minlstry of Aircraft
Production. (From Luftwissen, Bd. 9, Fr. 5, May 1942,
Pp. LH2-154.)

After an introductoéry dilscussion of soms gensral questions - for
instance, argments in favor of land or marine alrcraft, flying boat
or ssaplane - various ressarch problems concerning marine alrcraft
ars dsalt with. The problems of reslistance including the shape of
the float bottom and the take-off proceass are discussed, and the model
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test is described. The infliuence of scalé in the model btest is
explained in detall by theory and experiment. Some gueastions
concerning stabllilty, in particular the problem of dynemic longl-
tudinal stability (porpoising) end the questions of lateral stability
on the water, are also discusesd. Problems that arise when the ailr-
craPt 1s texying and drifting on the surface of the wabter are briefly
described. Finelly, strength problems are investlgated. After a
brief sketch of the theory of landing shocks, tre resulits of
meagurements of bottom pressure on floais and flying boats as well

a8 measuremonts of elongation in flost wndercarriags struts ars
outlined. - Xt is shown how a fruquency evaluation of these measure-
ments can be carried out and how conclusions concerning the

influence of the vzrious conditions of employmert on the stress of
the float undercerriaze as well as on its time strongth can be drawn.

23. Schnadel, Geors: Relations between Ship Desizn ani Seaplens
Design. NACA TM No. 645, 1931.

The. requironents to be met In ssepl=ne dosign are discussed
end compered with those in ship dssign and 4% is pointed out that:

Seeplenes, becsuss of their speed, seem ezgpocislly adapited to
supplement treffic by ship. Seaplanses have been lecking, however,
to a considereble axtent in safety, economy, snd renge. Thelr
seaxorthiness mst be imroved, especially since fov-ced. landings on
the water cannot bs avoided.

Sesplenes rhonld be designed for long-rengs duty and should have
high-aspoct-ratio tepering wings with high wing loedings and large
dihedral. Stebility ond seaworthiness on the waber, good proneller
location, adequate compartmentetion, fire protection, adsquate strength
in a seawey, and edequate lift-saving end redio equipment are esmsential
for safe opsration.

29. Miller, J. W.: Report on VSO Seaplansc Studies. Rep. No. X01-1229,
Yockhesd Aircrsft Corp., Ang. 19, 1ghk.

Current seaplans design practice is reviewed in en effort to.find
a Tloat which will conbine maximmm seeworthiness requirements with aigh-
gpoed requiremcents. Several charts of current dosign values of forebody
and afterbody length-beam ratios, load cocefficlent, spray density, and
centor-of -gravity positlon are nresented.
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Tt was concluded that in order to attain the wide speed range
desired & wing of unusually high 1ift (Cp = k) would be

necessary. A variation of NACA hull B4FF with ventilation wes
considered, with auxiliary floate for transverse stabillty.

30. Langley, Marcus: Seaplane Float and Hull Design. Sir Isasc
Pitmen & Sons, Ltd. {(London), 1935. :

The basic principles of marine sircralt are presented and
various methods of approximstlion necessary for thelr application
are pointed out. 'The student is famillarized wilth tenk teating
techniques snd resulte., The general characteristics, proportions,
and dimensions of flying boats are discussed and certaln design
criterions ave cited. ,

31. Lewe, Victor: Shepe and Strength of Seaplene Under-Structures
with Special Rogard to Seaworthiness. NACA TM No. 37, 1921.

The resulis of calculations of the stresses In the float-
supporting struts of sevoral twin-float seaplanes are dlscussed and
loads are glven for use in the design of such stiructures. Several
types of supporting strut system for float sesplenes are shown.

32. Anon,: Single~-Float Seaplanes, Flight, vol. ZLVII, no. 1833,
Jan. 25, 1945, pp.. 102-103.

A brief investigation of the advantagees of single-floet
arrengements for seaplanes takes Into account the factors that
influence single-float design. Varistions of the desisn are
i1llustrated by indicated features of the Vought-Sikorsky Kingfisher,
the Curties Seagull, end the NakaJima Rufe 2.

33. Pegne, Glovanni: Soms Ideas on Racing Seaplanes. NACA ™ No. 691,
1932. :

. The seven racing seaplenes designed by the author are discussed
in detsll. The ideas sel forth in the designs, the problems
encountered, and the final dlsposition of the esirplenes are noted.
The desglgne included airplanes which had en engine and propeliler

-
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that could be rotated upward to aveold low-speed spray, a central
retractable flost, hydrofolls, and a weter propeller to supplement
&n elr propeller In the displacement end bow spray rangs.

34. Baker, G. S.: Some Notes on Floste for Seaplenes of ths
Single Float Type. Fourteenth Series. R.& M. No. 437,
Britisa A.C.A.. 1G519.

The requiremsnts to be satizfied in the desiam of a float for
a ssaplane sre discussed. The discussion is based upon model
experiments cerried out at tke Wililasm Froudes National Tenk.

The dynamic conditions discuesed are diving at low speeds,
seaworthinese in smooth and rough waber, porpolsing, transverse
stebllity, tim et high speeds, and wabter resisbance. The static
conditions discussed are buoyancy end reserve buoyancy, longltudinal
strength, and strossss or o floalt in & seaway.

(See also abstrscts 3, 6k, 173, 331, and 330.)

Descriptions

35. PRohrbach, Adolf K.: TFlying Boat Design. Aeroc. Englneering,
Trans. 8.8S.M.E., vol. 2, no. 4, Oct.-Dec. 1230,
pp. £85-233. ' :

The five m=in problems 1n flying-boat design are size, -
asrodymermic gquslities, floating system, struetural principles, and
genereal arvengemsnt. The @esign of the Kokrbech Romsr flying boat
takes into accoumt all these problems. It is of optimym size -
19.5 tons - and Le=s good serodynamlc charsacteristicg. The lateral
stability provided by the inbosrd floats 1s such that a slde wind of
30 miles per hour will not force the leswzrd wing Into the water.
The hydrodynsmlc cualities of ths hull sre such that teke-offs have
been made in waves of 12 bo 15 fuet.
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36. Pegna, G.: High Efficiency of Seaplenes. NACA T™M No. 32, 1921.

The Savols S12 seaplane, the winner of an international seaplane
coniest, ie shown to be superior to several other seaplanes and lend-
plenes, Judged on the besis of an index of efficiency Ir given by

= 8D
Ir = -5

where & 18 pay load, D opereting renge, and C welght of fuel
and oll necessary to attaln the rengs D. In the comparison one
value of range, speclfic fuel consumption, and welght of crew was
uged. for all the alrplanes.

37. Dornier, C.: Lessons of the Do.X. dJour. R.A.S., vol. XVII,
no. 273, Sept. 1933, »p. 757-732.

Three different exsmples of the flying boat Do.X are covered
in this reporit: the original Do.X i aircraft fitted with alr-
cooled engines; the Do.X 1 fitted wilth water-cooled engines, referred
to a8 Do.X la; end a third type with enclosed access to the englnes
and oll coolers combined with the water radlators, referred to aa
Do.X 2.

A full description is glven of the Do.X le end its test flight
to four continents. Emphasis ls placed upon the design feabures that
differ from English designs - stub wings and the storing of fuel in
the hull. A descripiion snd photographs are Included of the
"trimming tuckets” used for suxiliary lateral stabilization when the
flying boat was moored in rough seas.

Some spscifications of the aircraft are as follows:

Mazimm DOWOY « « « « & o o o « o « + o + o o a s o o « « o 7,400 hp
Maximm gross welght . + . & & ¢ v ¢ v ¢« v v o v » .« « 56,000 kg or
approx. 124,000 1b

Maxdmum ugeful 1oad « « + ¢ o « « + ¢ + « o o o+ o« o « 24,800 kg oOr
- approx. 5,700 1b

Fucl consumpbion . o « + v o ¢ o« 6 o o o o o o o o T.45 kg/km or

approx. 26.5 1b per mile



NACA RM No. I6I13 b 23

GENERAL INFORMATION

Descriptions

Cruising 8peed « - « « « « « « o s + o « o s s« « o &+ « '« 168 ¥m/h or
' epprox. 104 mph

Meximmum Trangs .« ¢ ¢« o o s ¢ o o € = o s o o« o 3 o« & » 3,200 km or

approx. 1,990 miles

It is interesting to note that in tropical climates the seaplsne
would not take off with a full Joad. Descriptions of accidents to
gtub wings and of fires are given along with description of repairs
nade away from prepared basea.

38. .Beewald, F., Blenk, H., and Lisbers, F.: The 1926 German
Seaplene Contest. Part I - Lessons Taught (By Seeva.ld.).
Part IT - Method of Rating (By Blenk end IL: e'bers Ve
NACA ™M No. bsk, 1923.

I - The 1926 German seaplane contest was a technical cantest
desligned to promote the bnilding of efficlient seaplenes of general
uwsefulness. A criterion of excellence for each seaplane was copputbed,
on the besls of tests of rate of climb and maxizmwm horizontal speed,
at the beginning of and at several times during a series of flights
totaling 4000 kilometers (2436 miles). The ability of the seaplanes
to take off and land in rough water was noted. It is polnted out
that further technical contesis rating the efficiencies of alrcrarlft,
&8 well a8 sporting contests rating the efficlencies of crews,
should “be encouraged.

IT - From average or normsl values of aerodynemic efficiency,
propeller efficiency, end englne characterlstica, the rate of c¢linb,
useful load, and grose weight may be ured to calculate the maxiymm
speed. The retios of the actual spesd to the calculated speed
constituted & criterion of excellence of the sesplans.

39. Rohrbach, &dolf: Recent Experimants with Terge Seaplenes.
NACA ™ No. 353, 1926.

The advantages to be obtalned by use of large alrplsnes with
high wing loadings are demonstreted by use of the Rohrbach Ro II,
e monoplane £lying boat of 6200 kilograms {13,700 1b) gross load
with a wing loading of 88 kilograms (18 1b/sq £t) per square meter.
The hull is narrow and of simple stiucture. Two large latersl Floats
at a short distence from the hull provide lateral stebllity. Twin
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engines allow the seaplane to be turned easily on the water and

thus facilitate handling. The wing structure coneists of light
leading-edge and treiling-edge sections attached to s box girder,
the upper and lower surfaces of which conform to the ailrfoll section.

The advantages of increasing wing loading wilth size of airplane
are shown. An snalytical inveatigation of the effect of dihedrsl on
tne lateral motion of an airplene is glven.

ho, Bueter, Murrsy F.: Report of Experiments Carried Out with a
Eydro-Aeroplans, with Notes and Suggestions for Further
Experiments. R. & M. No. 69, British A.C.A., 1919.

Several types of float were fitted to an Avro biplane to enable
it to rise from the water under lts own power. The Mark IT float
was & 8ingle float with small suxlliery floais at the wing tips; all
of the others were twin-float arrangements. The alrplans filtted with
. the Mexrk VII floats took off but creshed on lending. This £light
is claimed to be the first off waber in Englsnd. Two hydrofoils
oxtonding between the Mark IV floats gave a consglderably large
amount of 1ift but were sasily fouled by seawesd. Several ouestions
are listed about which information In regard to floats 1s nesded.

t | < |
Mark T flonat Mark IV floatb
L |
S w——
Maxrk IT float Mark VII float
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41. Weyl, Alfred Richard: The Schneider TroPhy Contest.
NACA ™ Fo. T12, 1933.

The Schneider trophy contest is reviewed and a detalled
description of the entries 1s given. The origin of the contest,
the attitude of the govermments participating, the reactions of the
pilote, and the asrodynamic efficlencies of the seaplanes are
discussed. '

England won the contest chiefly because of a strong wmited
effort. The contest provided an excellent stimmlus for the
improvement of sirwvlanes end it has been gaid by one engline company
that research for the Schnelder race, carried on during two yeers,
was equivalent to & normel development activity in their englne

section of from six to ten years.

Tako-Qff

L2. Perkinson, J. B., 2nd Bell, J. W.: The Calculated Effect of
Trailing-Tdge Flaps on the Take-0ff of Flying Boats.
NACA T No. 510, 193L.

The results of teke-off calculations are given for an application
of simple trailing-edge flaps to bwo hypothetical flying boats, one
heving medium wing and power loadings and consequently considerable
excess of thrust over total resistance duxing the take-off run, the
other having high wing and power loadings and a very low excess thrust.

For these seaplenes the effect of downwerd Tlsp gettings was:

(1) to increase the totel resistance below the stelling speed, (2) to
decrease the get-away spood, (3) to irmrove the teke-off performence
of the seaplane having consldersble excess thrust, and (%) to hinder
the take-~-off of the seaplane having low ezcess thrust. It is indicated
that flepe would sllow e decrease In the high angles of wing setting
necessary with most seaplenes, provided that the excess thrust 1s not
too low. '



26 SREREREA. NACA RM No. L6I13

GENERAL INFORMATTON
Take~O0f

43, Olson, R. F., and Allison, J. M.: The Calculeted Effect of
Various Hydrodynemic and Aerodynamic Factors on the Tale-
0ff of a Large Flylng Boat. NACA Rep. No. 702, 1gko.

An investigetion was made of the Influence of various factors
on the toke-off performence of & hypotheticel large flying boat by
means of take-off calculatione. The factors waried in the calculations
were size of hull (load coefficilent), wing setting, trim, defisction
of flap, wing loesding, aspect ratio, and parasite drag.

The take~off times and dlstances were calculated to the stalling
speeds and the nerformance shove thess speeds wes seperately studied
to deltermine piloting technlque for optimum tske-off. It was found,
for the flying boat invéstigabed, that:

(1) The finsl selection of the load coefficlent, within a fairly
large renge of velues, could be based on considerations other than
the calculated take-off performence.

(2) The angle of wing setting giving the minimm total resistance
at 85 percent of the stalling speed is still & good compromise wing
setting. The use of flaps in teke-off tends to reduce the loss in
performence obtalned with a low angle of wing setting.

(3) Deviations of more than 1%° above or 1° below the trim for

minimum water resistance result in large increases In the time and the
distence of the take-off. A meothod of determining s preclsion take-
off giving the optlimu performance 1s suggested.

(k) The net effect of the flaps wes to improve the take-off
periormence, vhich becomesmore lmportent as the wing loading increases.
There 1s little edventage in using deflectiona of the fli=ps much
greater than 15°. A method of improving the teke-off performance by
uging a delayed deflection of the flaps is sugrested.

(5) With high wing loadings, the resistance at high speeds
becomes incresgingly lmportent. High angles of wing setting, wings
of high aspect ratios, low paraslite drag, and the use of flaps
irprove the calculated take-off performance.
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4h., Crowley, J. W., Jr., end Ronen, K. M.: Characteristices of a
Boet Type Seeplsne during Teke-Off. NACA Rep. No. 226, 1926.

The planing end get-away characteristics of the F-5-L were
Investigated by the Natlonal Advisory Committee for Aeronauntics; the
results of the second of = series of teste on three different sea-

lanes are presented. The single-float seaplane was the first tested
%abstract 45) and the twin-float seeplsne is to be the third.

The characteristica of the bost-type seaplsne were found to be
similar to those of the single-float seaplene, the maln difference
being the increased sluggishness and the relatively larger planing
resistance of the larger seaplane. At a water speed of 15 miles per
hour the seaplane trims up to about 12° and remeins in this angular
position while plowing. At 22.5 miles per hour the planing stege is
started and the planing angle is immediately lcwered to about 10°.
As the veloclity increases, the longltudinal control becomes more
efTective but overcontrol will produce instabi lity. At get-awey
the renge of angle of attack is 19° to 11° with velocities from the
stalling speed through ebout 25 percent of the speed renge.

45. Crowley, J. W., Jr., and Ronan, K. M.: Characteristics of a
Single Float Seaplane during Tale-0ff. NACA Rep. No. 209,
1925.

The Netional Advisory Committes for Aerunautics at La.ngley Field. Va.,
investigated the planing and get-eway characteristics of an N-GH,
a DT-2, and an F-5L as representing, respectively, a single float, &
double float, and a boat-type smeaplane. The present report covers
the Investigstlon conducted on the N-OH. The resulits show thab &
single~fleoat seaplans trims up in taking off. TUntil a planing
condition is reached,; the angle of attack is about 15° end is only -
slightly affected by the controls. When plening, the £loat seeks
a lower asnglie but is controllsble through a widening ranges, until
at the take-off it le possible to obtain trims from 80 to 15° with
corresponding speeds of 53 to 41 miles per hour or sbout L0 percent
of the apeed range. The polnt of greatest resistance occurs at

cbout the highest trim, a float planing angle of 9—;—0 » end at a water
speed of 24 miles per hour.
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46. Crowley, John W., Jr., and Ronen, K. M.: Characteristics of a
Twin-Float Seaplane during Take-Off. NACA Rep. No. 242, 1926.

An investligaticn has been made by the National Advisory Cormitiee
for Aeronautics of the planing and get-away characteristics of three
representative types of seaplanes: namely, single float, boat, and
twin float. The experlments cerried out on the single float
(abstrect U45) and boat types (abstract 44) have been reported
previously. The presfent report covers the investigation conducted
on the twin-float seaplene and includes, as the appendix, a brief
summexy of the resulis obtained in a2ll three tests.

The fundamental take-off characteristics of the DIT-2 (twin-
float sea.plane) are similer to those of the N-9E (single-float sea-
plene) and the F-5L (boat sedplane). At low water speeds, 20 to
25 mlles per hour, the seaplane trims by the stern end has a high
resistance. Above thece speeds the longitudinal control becouss
increasingly effective until, with a grose load of 6000 pounds, 1t
1s possible to get eway at angles of attack of 8% to 149 with
corresponding speeds of 56 to 46 miles per hour. It was further
determined thaet an increase in load caused little, if any, chenge in
the water speed at which the maxlmpue trim and resistance occurred dut
dld produce an increase in the maximum trim.

bh7. Nutt, A. B. Woodward, and Richerds, G. J.: Cine-Photographic
Measurements of Speed and Attitude of Southampton Alrcraft
When Taking Off and Alighting. R.& M, No. 1621, British
A.R.C., 1935. ' ' '

The posslbility of determining the ltake-off end landing speeds
of seaplanes by meens of photographs teken from lend with & motion-
plcture cemera has been investigated and the 1lift coefficients of
seaplanes while taking off and landing have been compared with those
measured in flight.

Motion pictures were teken of a large number of take-offs and .
landings of four Southampton flying boats, and the pictures of 45 rums
were analyzed. The teke-offs and landings were made wlth, sgelnst, and
acrogs winds of varicus measured speeds. The true aeirspeeds, angles
of incidence, and 1ift coefficlents of the seaplanes at the instants
of take-off or landing were deduced Trom the film records.
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Accurate measurement of the tuke-off and lending speeds of
seaplenes by this method is limited by wind sustiness and by the
difficulty of determining accurstely the wind speed at the time and
place of testing. The present exporiments indicete that wmder normal
conditions the probeble error in any individuel moasurement of the
take~off or landing speed of & normal seaplane by this method is
approximately f1.h lmots. Tuproved methods of meesuring wind speed
mey increase this accuracy for future Lests.

The 1ift coefficients for the Southampton flying boats at the
instent of talke-cff or landing over a wide range of incidence are
considerably higher than thoge fowd for similar £flylng boats in
free Llight. This Increase appears to be the zeame for teke-off and
lending, irrespective of the dlvection of the runs in relation to
that of the wind. In those respscts the results are in general
agreement with those found at the Aeroplene and Armsment Experdimental
Eateblishnent for lsndplanes.

48. Shew, R. A.: The Effect of Flaps on the Teke-Off of Flying
Boats. Part I. Tests on the Sero 37. Rep. No. H/Res/1L3,
British M.A.E.E., July 3, 19kl.

Tests are being mrde at the Morine Alvcraft Experimental
Establighment to investlgate the effect of flspe on the takes-off
of flying boate. The tesis have been begun on the Saro 37, which
is a smell high-wing monoplane flying boat fitted with slobtted £laps.
Attitude and ascceleoration have been mossured In a series of take-
offs with flap angles up %o 15°. The bekavior in the initial clird
has also been reported. The results have boen analyzed to show the
effect of flaps on acceleratio:, trim, take-off speed, and rate of
climb. '

] The best accelsration during the run and the best rate of climd
are both cbtalned with flap neutral. The results with small flep
gettings are only slightly infericr, bult both accelersetion and rate
of climb fall off considersbly &3 the flapa are lowered to big engles.
Acceoleration is sensitlve to attitude at ell flap settings. TLowsring
the flzps to 45° glves a nose-down moment during thie run egual to 10°
end s nose-up moment in the clirmb equel to 5° of elevator movement.
The teke-off speed 18 reduced progressively a8 the flaps are lowered,
and the technique whick mekes best use of the Dlaps is to begin the
run with flaps up and to lower them only for take-off.



30 SRS NACA RM No. L6I13

GENERAL IRFORMATTON
Take-O0fT

It was interesting to note that in the early part of the
teke-off, ths flying boat showed a marled tendency Lo swing to the
starboard with flep deflections greater than 15°. Yawlng was
prevented by using the elevators to press the afterbody into the
water.

hg. Shoemeker, Jemea M., end Dawson, John R.: The Effect of Trim
Angle on the Talke-Off Performence of a Flying Boatb.
NACA TN No. 436, 1934,

Data obtained at Lengley tank no. 1 from tests of models of
three flying-boat hulls - NACA models 1l-A, 16, and 22 - are used
'to demonstrete the effect of triwm on weter resiztance. TFrom the
examples pregented, the following conclusions mey be drawn:

(1) The angle of wing setting selected to give the least total
resistance at 85 percent of the stalling speed will be satisfactory
throughout the take-off run.

(2) The trim giving the minimum water resistence willl also give
the least total resistance, and deviations of more then 2° or 3°
from best trim will result in = serious increese in take-off time
and dlstance. o

(3) The best trim for a given water speed with a head wind of
less then 15 knots does not differ by more then 1° from the best trim
with no wind.

Piloting and the importance of maintalning best trim throughout
the teke-off are discussed. A trim-indicating Instrument for use on
geaplenes 18 descyibed.

50. Diehl, Walter S.: The Egtimaetion of Maximum Load Capaclty of
Seaplanes and Flying Boats. NACA Rep. No. 153, 1932.

It ia shown that the relation between the gross welght W and
the time for take-off <+t of seaplenes and flying boats is of the form

= b.hp
Wm W4+X T
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where W, is the meximmm possible losd corrssponding to infinite

value of %, b.hp is the total brake horsepower, and. K is &
cemstant. Data from four tests give K = 1hO.

This equation supplies & method of calculating time for take-
off with =ny load, or vice versa, when the time for one load is
Imown. .

51. Verduzio, R.: Hydrodynsmic Tests for Determining the Take-Off
Cheracteristice of Seaplanes. NACA TM No. 20k, 1923.

The inability .of a seaplane to take off 1s often discovered only
in the actusl test of the complete seaplane. A grapnicel method of
determining the btake-off characteristics of & seaplane is given. The
totel resistence, determined from tank and wind-tunel teste of =
nmodel of a seeplane float, is plobtted as a function of spsed. If the
total resistance is alweys less than the thrust, the seaplans can
teke off.

52. Courtney, Frank T.: ILand Launched Sea'olanes. Aviation, vol. 35,
‘no. 9, Sept. 1936, pp. 19-21. .

A system is propoged for launching heavily loadsd. £lying boats.
Estimates are made for a normal fliying boat of 40,000 pounds gross”
welght with a wing loading of 30 pounds per square foot to take off
at 67,000 pounds gross welght with a wing loeding of 50 pounds per
squere foot for long-rangs purposes. An acceleration between
-J[l': and 1'3 ; & launching run of 3000 feet, towing the launching carriags
by mea.ns of cablea operaned. by a stationary engine, a tilting platform
snd turnteble for the elrplane, and a method of control from the
cockplt are suggested. Such a lasunching system would be of immense
mllitary and commercizal value.

53. Outman, Vernon: A Method of Calculating Seaplane Take~OfT.
Lero.Digest, vol. 32, no. 6, June 1938, pp. 53, 54, 59, €0.

A method of calculating seaplane take-off is described with the
a8id of numerous charts emd tables. ' This method not only enzbles
computetions of take-off time and distence bubt also offers & mesns
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of studying the effect of the various factors, includ.:t.ng those
influencing trim.

“"General method” hydrodynamic test date are used in conjunction
with assumed serodynamic date. From an assumed load and a serles of
aspuned slevator posltions, the serodynamic moments are calculated
and equated to the hydrodynemic momente. From the resulting equl-
librium trims, the itotal realstsnces can be obtained. A curve of
totael resistance against speed is then obtained for the best take-off
condition with the avallable elevator control. From thils curve, the
excess thrust is determined and 1/e end V/a sre computed, whero a 1s
the acceleration and V is the velocity. Values of 1/e and V/a are
then plotted against V, and the arsas under the curves are the take-
off time end the d_ista.nca » respectively.

54, Hutchinson, J. L., and Bird, J. E.: Note on the Correction
of Measured Take-Off of Seaplanes to Tropical Conditions.
Rep. No. E/Res/182, British M.A.E.E., Sept. 18, 19kh,

A method of estimating the tropical take-off performeance of
geaplanes from the performance in temperste conditions, based on
Hufton's treatment of the corresponding landplene problem, has been
developed. The method is applicable to the general problem of
corrvection of teke-~off performance for atmospheric pressure and
temperature.

The method can be used for take-offs at full throttle or at
constant boost and requires a knowledge of engine power at take-off
and propeller date. FEstimations of alr drag and water resistance
are avoided.

55. Morris, W.: Note on the Take-Off Characteristics of the
Sunderlend Flying Boat. Rep. No. F/Res/123, British M.A.E.E.,
Sept. 28, 1938.

Longitudlnel acceleration and attltude have been measured during
teke-offa of a Sunderland flying boat. The attitude is found to be
very low compared with that obtained in the tank tests; the
maximm difference ls approximetely 4° at the hurmp.



NACA BM No. L6I13 L 33

GENERAL INFORMATION
Take-0ff

56. Brooke, H. E.: Report on the Use of Jet Propulsion to Assist
the Teke~-Off of the FPB2Y-3 Airplane. Rep. No. ZE-29-012,
Consolidated Aircraft Corp., Dec. 3, 1942.

Congideration was glven to the use of Jet assistence for the
take-off of the PB2Y-3 flying boat. The Jets were assumed to be
mounted in the step rise and therefors not to comtribute eny drag.

The studies indiceted thet three Jets, producing 2000 pounds
thrust each, would provide sufficient sdditionsl accelerabtion to
permit a sztisfactory teke-off with 76,000 pounds gross weight. The
reductions in teke-off tims with the Jets in operation for the full
take-off period were tabulated.

57. Rogers, M.: Report on the Use of Jet Propulsion to Assist ths
. Take-Off of the XP4Y-1 Airplans. Rep. No. ZH-31-016,
Consolidated Aircraft Corp., Nov. 13, 19k2.

A Dbrief take-off, weilght, and installation study has been made
Por the XP4Y-1 airplane equipped with two 1000~pound-thrust jet-
asslstance wnits. The Jote have been assumed to be mounted in the
nacelles; however, installstions in the hnll afterbody and in the
gtep have heen considered. The Jjete were suggested to facilitate
take-off at overloads and to permit an emesrgency iIncrease in speed
et an altitude of 13,600 feet.

The Jets did not decrease take-off time enocugh to warrant their
use at 46,000 pounds (normal) zross losd, but at 55,000 pounds gross
load the take-off tlime was reduced 22 -ssconds. At an albitude of
13,600 feet the top speed wes found to increase from 255 miles per
hour to 295 miles per hour wlithin a period of 2 minutes with conbtinuous
Jet action. In this case, the use of Jots is infeasible bscause of
the additional weight that must be carried.

If the sams thrust is assumed to be obitsinable under weater as in
alr, the most advantageous position of the Jet units sppeared to be
iIn the step.

53. Pierson, John D., end Burghardt, Joseph E.: A Specific Chart
for Flying Boat Teke-0ff Perforrmence. dJour. Aero. Sci.,
VOl- 12, no. 2’ A‘pril 191!’5, PP. 169"'172-

The taks-off performance of a flying boat is complicated in
practice by the veriety of possible combineticns of the basic
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operating variables - welght, power, wind, and get-awey speed.
The desirabillity of a simple method of evalusting and presenting
the required information is evident in view of ihe labor Involved
In computing performence for all the possible combinetions of
conditione involved.

From early studles of Diehl and othors end from later
correlations of take-off data (both calculated end flight test),
it hes become clear that there exisis an approximetely linear
relationship between the reciprocal of the teke-olf time end the
four opereting parameters listed above. It iz empirically shown
in this paper that, in addition, the take-off distance is dlrectly
proportional to the product of take~off {ime and pot-away speed.

These relationships form the basls for a new btype of chart for
the prediction of the take-off time and distence Tor a specific
flying boat under any reasonable corbination of the opersating
variables or for the reduction of fllght ~teat dutz to a standard of

comparison.

59. Diehl, Wulter S.: A Study of Flying-Boat Take-Off.
NACA TN No. 3, 1338.

It is shown that the normal resistance curve for a Fflying boat
may be approximated by two stralght lines. The equabtions for take-
off distance end time, derived from this spproximation, are apnlied
to a series of flying boats and the resulting factors are plotted
“In nondimensional form in a series of charts. Teke-off performmances
from the charts are shown to.be in good agresment with step-by-sten
integrations. Some applications of the charte to the solution of
general design problems are included.

60. Stout, Ernest G.: Takeoff Anslysis for Flying Boeits and Seaplanes.
Pal“t Io AVia'bion, V’Ol' 11'3’ 0. 8, .A.ug- l_qzi"‘l" ?Pl 150"153-

- Because of & confusing conglamerstion of charts, formuless, and
rules of thumb, & clear dound analysls of soaplance take-off is timely.
Flying-~boat teke-off is broken dcwn into four phases, which ave
digcussed in some dotall. The nomsncletbure and the equations neceseary
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for the compubation of tale-off time .and distence are given. A
cenventlonal computetion procedure is outllned with the ald of
charts and tebles.

6l. Inverarity, W. M.: Tests of a Flap Preselector on Sunderlsnd I.
Rep. No. E/Res/172, British M.A.E.E., Jen. 31, 19Lk.

Take-off tests have been made with a flap preselector Titted to
a Short Sunderlend I flying boat. In operastion the preselscior
functioned satisfactorily.

The slow rete of travel and the smell flap angles attainsble
precluded lerge improvements in take-off performence. By preselecting
to 2/3 flap end swltching on around 50 kmots,a small gain - about
10-percent reduction - In teks-off speed was obtalned wlih corresponding
Improvements in teke-off time and distence.

62. Schrdder, P.: Towing Teste of Models as an Aid in the Design of
Seaplanes. NACA ™ No. 676, 1932.

Seaplane take-off is discuased and .2 method of calculating the
take~of f time and distance 1s described wlth refersnce to a specific
example.

"General method® hydrodynamic test date are used in conjimction
with serodynamic data obbained from model tests. By uging 1ift as
the sum of the wing 1lift and the thrust 1iTi, the welght on the watber
is calculated and plotted as a function of speed with angle of attack
as a perameter. The reslstances end momonts are found for each trim.
The aerodynemic btrimming moments (thrust + tall moment) are equated
to the hydrodynamlc moments end the resulting trims are interpolated.
5 calculation 1s made of elevator effectivensess In arder to determine
the possibility of maintaining best trim at high speeds. The increase
in load on the water dvwe to tail load is accounted for and a finel -
check is made on the computations. The alr drag is added to the water:
resistence end the excess thruet is determined. The values of l/e
and V/a (where a i acceleration e any speed) are computed and
vlotted against the veloclty V; +the areas under the curves are the
teke~off time and dlstence, respectively.
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63. Gough, Mslvin N.: The Use of the Trim-Angle Indicator for
Seaplene Take-0ff. Jour. Aero. Sci., vol. %; no. 7,
May 1937, pp. 268-291.

The angle of trim is shown to be of great importence in the take-
off of e seaplane. As the events of the take-off ere now almost
completely controllable, the pilot should have some means for
detormining the %rim. The optical trim-angle indicetor hes been
suggested by the National Advisory Committes for Aeronautics. The
use of the indicator requires buit little diversicn of the pilot's
attention. It has proved necessary for the pllot to keep only two
engles and cne speed in mind during take-off - the angles for the
hump and for plening end the airspeed for get-away. At the beginning
of take-off, the nose is allowed to rise with increesing speod until
the angle is reached at which the hump should be passed. Full-down
elevator is then applied to hold the required trim until the hump
13 passed. At plening speed, the control force 1s usually rearward
to hold the best planing trim until get-eway. It w=s observed that
pilots usually pass the hump at too high an angle snd plane at too
low an engle.

(See also abstrects 112, 124, 16%, 172, 331, and LOL.)

Bibll ographies

64, Benson, Jemes M., and Bid.Weil, Jerold M.: 3Bibliography and
Review of Information Telating to the Eydrodynamlice of
Sesplanes.. HACA ACR No. I5G23, 19k5.

A bibliography and e review of information relating to the
hydrodynamics of &esplanes have boen presented. Date and conclusions
obtained from the references Iin the bibliography have been correlated
to present in qualitetive form z esummary of the stetus of kncwledge

perteining to the hydrodynamics of sesplanes end to point out tho
need for further rescarch. Characteristics of conventional hulls and

floats are dlscussed to show the effects upon performance of changes
in design parsmeters such as desd rise, depth of step, end angle of
afterbody keel. A scparate section has beon devoted to special
problems relating to floats for seaplenes. Other topics discussed
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Incliude lateral stabilizers, serodynemic and propulsive conslderabtions,
unconventional configurations, hydrofoils, and plloting snd handling.

The arrangement of the bibliography in general 1s similsr to
that of the text. References on flying~boat hulls, planing surfaces,
and seaplene floats, however, have been listed ceparately in tke :
bibliography. Reference material pertaining to impact loads has been
included in the bibliography althongh the subject has not been
reviewed. Information on exverimentael procedures ussd to obtain the
results discussed in the text may be found in the references in the
concluding section of tha bibllography.

65. Bibliogrsphy of Aerorautics. Part 5 — Seaplanes. Part 6 ~
Flying Boats, Part T — fmphibians., TU.S5. Works Progress
A‘im.’ 1938I

This bibliography 1e one of a serles which alme to cover a
large part of esronsutical literabure. It was goampiled fram the
Index of Aeronautlcs of the Institvie of the Aeronautical Sciences
e.nd.sincludes books, papers, and arcicles pu'bllshed. in and before
193

The blbliography has been divided primarily into three parta:
Seaplanes, Flying Becats, and Amphibians. The references have been
arrenged under the headings: Design and Construction, Development,
Floats (or Hulls) s Performance cnd Testlng, end Seanlanss Classified
by MHanufacturer. The refersnces are listed in the' reverse chrono— .
loglcal ordexr of their publication.

66. Biblicgraphy of Aeronautics. Supplements to: Part 5 o Seaplanes.
Part 6 — Flying Boats. Part 7 — Amphiblans. Worka Projects
Adm., Oct. 19%0.
This supplemsnt extends the original biblliography (ebstract 65)
by listing books, pepers, and articles published betwsen 1938 and 1940.

(See also abstracts 22 and 305.)
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.67. .Griffey, W, J.: Favoring the Classicel in Flying Boat -
: HEydrostatics. Aviation, vol. 43,.no. 10, Oct. 19@&,
pp+ 159-163. ' '

: The prononen‘bs of the experimental method. foi’ de'bexmﬁ:ning

static qualities of a flying-'boat hull ere challenged, a.nd. 4he fa.c...l* ty
end speed with which traditional methods of naval arch’itechlre way: be
applied are shown in detail. With the ald of several chartsy flgures,
and formlas, sample calculations are made for the trim anq. draft of
the hull and the size of +the wing-ti'o floats.

iy L

(See also apstracts 22, 64, and 393.)

Buoyency

68. Parkinson, H.: Notes on the Design of Twin Seénlane Floate.
The Aircraft Englneer, supp. to Flight, vol. XXV, no. 1261,
Feb. 23, 1933, pp. 12-1k.

L ghortened method for the design of twin seaplane floatks is
vresented. Valuee are assumed for reserve buoyancy, length-beam
ratio, helght ratio, block coefficient, and load, and an exarmmple
calculation is mede for the lines, dimensions, and track. The
several design curves used in the calculations ere included.

" {See also ebstracts 23, 3k, 6T, and 393.)
Stability

59. Warner, Edward P.: The Calculation of Wing Float Displacemsnt
in Single~-Float Seaplancs., HNACA TH No. 215, 1925.

In a calculeslon of the proper slze of wing floats for flying

boats, the stability of the main float is often entirely neglected -
the posltion of center of buoyancy being assumed independent of the
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angle of Inclination. When & flxed reserve of bucyancy is used in
‘trapsverse stablllity calculations, the results are llable to be
incorrect. The reserve buoyancy in the case of the NC flying boat
was 490 percent. Bebtter resulis would be obbtained if the float were
large enocugh to hold the wing out of the waber if the metagentric

- helght were inoressed hy & certaln number of feetl.

T0. Parkinson, H.: Longitudinal Stabllity Calculations of Seaplanes
on Water. The Alreoraft Englneer, no. 104 (vol. IX, mno. 9),

~ supp. to Flight, vol. XXVI, no. 1344, Sept. 27, 193k,
pp. 69, T0. :

Seaplane static longltudinel stablility charactexistics are
most easlly cbtainable when & tank and models are avallable, but in
the absence of such equipment & graphical method can be used which
w11l reduce the volumlnous c¢alculations required by the more classical
Simpsonts Ruls,

& weter llne is sssumed for & speclfic trim and the sectional
area 1ls plotted as & function of dlatance fxam the bow. The volume,
and thence the displacement, les obtained by integrating this curve.
The mament of the area sbout the stern 1s plotted as a funotion of
the distance from the bow. Integration of the moment curve produges
the moment of volume which when divided by the dieplsoed volume
ylelds the righting lever of the wighting moment. Subsequent calcoula—
tlons allow & curve of righting moment agalnst trim angle to be
plotted from which the stebility oharacteristics of floats masy be
. determined.

..
LS

71, Vladimirov, A. N,: Staniards of Transverse Stablllity for Flying
Boats. R.T.P. Translation No., 1155, British Minilstry of
Aircraft Production. (From Asro. Engineering, U.S.S.R.,

vol. 14, no. 4/5, April/May 19L0, pp. 62-70.)

. Pormulas in use for obtaining transverss stebility are based upon
data from flying boats of different types and varying degrees of seo~—
worthiness, also from types of which the stgbllity may have been
Incorrectly estimated. By comparing the righting moments given by
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thege formmilas with the righting moments of existing flying boats,
it hes been found that almost all these forelgn standard formmlas
glve a far higher value of the righting moment than necessary.

A formmle, derived from an analysis of date taken from flyling
boats possessing sufficlent transverse stabllity in service, has
been suggested. The formula has accomted for the inherent instabllity
of the flying boat (negative metacentric height) end for the effect
of propeller torgue, side wind, end waves. OStandardizetion of the
design criterion hes been established by relating the velocity of
side wind to the gross weight of the boat; large boate are more sea-
worthy then sm=ll ones. A range of seaworthiness consients has been
glven to permit floats to be designed for different conditicns of
operation.

T2, D:Lehl, W. 8.2 Stetic Stebility of Seaplene Floats and Hullis.
NACA TN No. 183, 192k,

The lateral stebllity of twin-float seaplanes and single-float
sesaplanes with wing-tip flosts is discussed. Data for ccmputing the
lateral stability of several seaplanes end flying bozts are presented.
The longlitudinol and lateral metacentric helghts of seaplanes are
approximately concluded to be stralght-line functions of the gross
weight, end the suggestion is made that in new designs they be made
equal to. each other and have a va,lue

=15 + 0.002 W

where the metecentric height GM 1is in feet and the gross weight W
1s in pounds.

73. Anon.: Transverse Stability of Seaplames. Aircraft Engineering,
vol. V, no. 57, Nov. 1933, pp. 271-273.

The trensverse and longitudinal stability of the twin-Iloat-type
seaplene at rest 1ls examined and discussed. With the empirical rules
thet the transverse metacentric helght in feet must not be less than

(gross weignt)M/3 end the longitudinal metacentric height in Peet mst

not be less than 1.75 (gross weight)l/3, an example celculatien ie
made to determine the width of track required for stabllity.

(See also abstracts 16, 23, 67, 173, 199, &hd 212.)
AR
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7h. Ackeret, J.: Experimental end Theoreticel Investigations of
Cavitation in Water. NACA TM No. 1078, 1945.

Cavitation in nozzles, on alrfoils of various shape,and. on a
sphere are experimentelly investigated. The limits of cavitation
and the extension of the zone of the bubbles in different stages
of cavitation ars photographically establleshsd. The pressure In
the bubble area is constant and very low, jumping to high values
at the end of the ares. The analogy with the gms compression shock
is adduced and discussed. The collapse of the bubbles undsr
compression shock produces very hlgh pressures in'berna.lL,r which
may be contributory factors to ercsion. The pressure reguired for
erosion is discussed. T

75. Escende, Iéopold: Sur la similitude des phdnomdnes d'eptralne-
ment dlair par ll'eau en mouvemsnt. Comptes Rendus, . 209,
no. 17, Oct. 23, 1939, pp. 626-627. .

In continvation of previous work the principle of similitude
is shown vo be theoreticelly not applicabls to systems comprising
& free surface subJected to atmospheric pressurs, even If it be
agsumed that perturbations attributeble to viscoslty are nesgliglible
owing to turbulence, and if the effect of suwrface tension ls not
taken into account. The case of the entralmment of air by a stream
of watsr is dilscussed in illustration of this contention.

76. Locke, F. W. S., Jr.: A Survey of the Factors Contributing to
the Lending and Take-O0ff Accidents to U.S. Navy Fliying Boatis
in the last Twenty-Two Months. A.D.R. Rep.. M-32, Bur. Aero.,
Dec. 19hk,

A survey was made of lending and teke-off accidents of fliyling
boats and amphibians on water occurring after Jenwary 1, 1943, which
could possibly be considered as parilally due to water handling



4o RN NACA RM No, ILA6I13

HYDRODYNAMICS
General

characteristics of the hull. The accidents were broken down into
those attributable to low-spsed mansuverabillty, bow design, diving,
waterlooping, rough-water damage, high-speed lower-1imit porpoising,
sklpping, upper-limit porpolsing,and tip-float design. A few cases
of the.different tympes of accidents wereo discussed in some detall
and photographs of the resulting damame were included.

T7. Squire, H. B., Harper, D. L., Bekassy, J., and Chester, W.:
Wind Tunnel Tests of Obligque Jet Units, Rep. No. Asro 2007,
British R.A.E., Jan. 1645, eppendix.

The phenomenon of the adhesion of an alr jet toc a neighboring
surface, which occurs under certaln conditlons, is called the Coanda
gffect after its discoverer. The inltlsl adhesion of the plans jJet
is linked with the entraimment of alr into an unobstructed plans Jot.
If the entrainment on one side 1s prevented by an obstruction, a
raductlon of pressure in the region between Jet and obstruction
occurs; the pressure difference created will divert the jet and
adhesion will cccur under favorable condltions. Roduclng the aspect
ratio of the Jjet increases entrelmment from tno erds end tends to
reduce the Coanda effect. The phenomenon was cobserved for a wide
range of anglos of Jet incidsnce, radius of curvature of the obstacle,
and spacing between Jet and obstacle.

(See slso abstracts 22 and 6h.)

Sustentation - Steady Planing

78. Sottorf, W.: Analysis of Experimental Investigations of the
Planing Process on the Surface of Water, NACA T™ No. 1061,
194k,

Flat and V-bottom longitudinally straight planing surfaces are
investigated. For such surfaces the fotal reslstance may, for a glven
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13ft, be separated into a normsl and frictional component. The
analysis of the tests leads to representations of the 1ift and
center-cf-pressure position as Pfunctions of the aspect ratio of the
presgsure -ares with the Froude mumber, which characherizes the effect
of gravity, a8 parameter. The frictionael resistance coefficient is
equal to that given by Prandtl for the turbulen’: boundery layer with
preceding laminar layer. For high Froude numbers, where the
contribution of gravity to the 1ift is negliglbly small, there is
shown to be an agreement between the planing esurface tests and the
1if% on flat airfoils on the underside. The deviabions from the
Wagner theory for short plabes at lerge aspect ratiozs are conaiderabls
though Justified Dy the conditions neglected in the theory.

With the aid of a working chart e number of practical exsmples
are computed that.provide the answers to several important questions.
For the case of the flat plate the width of tue plate, which is
alweys the full width of the planing surface,has en effect on the
reslstence-lcad ratio in that the latter becomes more Ffavorsble with
increasing width. . '

.With regerd to the load effect, om account of the Impairment in
the aspect ratio, there is an impairment in the resistence-load retio
with inecreasing load.

With regard to the effect of the sneed, however, on accourt of
the improvement in the aspect ratio with increasing dynamic pressure
above the flrst resistance maximm, there is en improvement in the
resistance-load ratio with increasing speed.

The tests for the scale effect show thet there is similarity of
the pressure surfaces and pressure dlatribution and that the effect
of the scele is glven only by ‘the dependence of the friction coef-
ficient on the Reynolds number. Only for very smell dimensions and
lozds of- the planing surfaces doss nonsimilsrity occur in the Tlow
conditione because of the effcct of surface tension.

The impelrment in the resistance-load ratic by the effect of the
V-botbtom is alsc shown. With regard to the effect of the width it
is found for the V-bottom thet at small load or high dynemic prossure
and with the "natural width," which is loss then that of the plening
surface, an optimm width occurs which is to be deotormined for each
particuler case, - : :
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79. Landweber, L., and Eisenberg, P.: Characteristic Curves for
Planing Surfaces. Rep. R-80, David Taylor Model Basin,
Navy Dept., Jan. 19L43. :

The results given in abstract 87 are presented in & form
simliler to that used in presenting characteristic curves of an
alrPoil. This form of presentation facilitates the use of planing
data for problems involving the towing of a planing float.

80. Bollaey, William: A Contribution to the Theory of Plening
Surfeces. Proc., Fifth Int. Cong. Appl.Mech. (Cambridge,
Mass., 1933), John Wiley & Sons, Inc., 1939, pp. 474-U77.

This paper presents a theory of planing surfaces by meens of an
airfoil anslogy. A planing surface of infinite length and finite
gpan was used for the discussion.

From Wagner's theory, for a gliding surface of infinite aspect
ratio the normal force 1s 50 percent of the force on the corres-
ponding wing, while the present theory has ylelded the result thet
for a gliding surface of zero aspect ratio the normal force is
L percent of the force on the corresponding wing. The wing-theory
analogy therefore seems to hold for the entire range of sspect ratios.

81, Schrdder, P.: Determination of Resistance and Trimming Moment
of Plening Water Craft. NACA TM No. 619, 1931.

A theory is presented by which it becomes possibls to determine
the resistence tnd the trimming moment for any loading of 2 planing
alrcraft when these values are gilven for cne loed. The theory is
prosented, with experimentally substantiated examnles, in three cases:
(1) a constant glven load and a constent reguirod load, (2) & constent
given load end a required loesd verylng with velocity, end (3) both
glven end.required loads verying with velocity.

82. Sottorf, W.: Experiments with Planing Surfaces. NACA TH No. 661,
1932.

A discussion of planing surfaces as & fundamental approach to
hydrodynamic research lg presehtad bassd on tests in which the
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registence cheracteristics of Flying-boet models were investigated
with different plening bottoms and with different scales. The
varlous testing technigues and apparatus used in the experiments
are described.

A flat glass planing surface was btowed at sevsral loads end
speeds. The resgults are plotted and compared with celculated results
exploying Prandtl's friction formila for a turbulent boundary layer
with laminar approach. & noticesble difference is Tound Lo occur
at high loads and low angles of atiack end is atitributed to decreasing
aspect ratios. The planing surface was fitted for 35 orifices, vwhich
were comnected to a multipie menometer. From experiments at various
loading end trimming conditions, the pressure end velocity distri-
butions were calculated. An ettermpt 1s made to break down the form
resistance mathematicelly into induced resistence and weve resiastance
but an analysis of wave resistaence is found to be impracticeble. It
is stated that only systematic resesrch cean produce the necesssry
bases for the predeterminstion of the resistence, moment, and trim of

any gliding body.

83. Sottorf, W.: ZExperimentes with Planing Surfaces. NACA ™ No. 739,
1934, .

Tenk tests were made of planing surfaces and flosts to determine
the effect of converting rmodel results to full size and the effect of
the m=in form variables on the resistance, trimming momen'b s Wetted
exresa, pressure distribution, and sprey profiles.

Thers is a pronounced scale effect 1n converting modiel resistence
to full size when the models sre sc smsll that the chenge in frictlomal
coefficlient is great. The effect of surfece tension on the height and
form of the spray is important only vhen very smzll models are ermloyed.
Although e similarity of pressure distribution is fomd to exlst for
the several surfaces, the trim varied comsidersbly for the small modela.

It is noted that, for a given beam, increased dead rise increases
the wetted area cnd hance the resistence. A compesrison of the trans-
verse pressure distributions for flat end V-bottom surfaces showsthat
at the ssme loasds V-botbom surfaces have greater draft =nd therefors
greater buoyancy. Vhen higher angles of dead rise were employed, the



w6 . Poim—— NACA RM No. L6IL3

HYDRODYNAMICS
Sustentation -~ Steady Plening

sprey, resiptance, and pressure distributions appeared ‘to be somewhat
similar to thogse obtained from a displacement craft.

Chine flare, in general, tends to decrease the adverse effects
of dead rise and for a surface having an angle of dead riss of 10°
the use of chine flare iesulisd in lower resistence then that of a
corresponding flat surface at angles in excess of 6°. Large .amounts
of chine flare developed A stronger, higher, and more voluminous
sprey, delayed the appearance of pure planing, and were of no use
in any way. Chine flarye resulted In a more unfavorables spresy even
though the length of chine from which the spray appeexrs was less.
The best form wses one in whilch the trangition from the =zide to the
horizontal occurred at e gradual rave.

Longitudinal curvature lmproves the longitudinal pressure
distribution and allows a shorter wetted length for a given lift.
The shorter weitted length results in decreased frictional resistancs
snd e shorter length from which epray will appear. The spray at the
8ldes 18 less in height and volume and the trough is deeper and wider
then that of the longitudinselly flat surface.

It should be noted that a large emount of basic pluning data
is Iincluded.

84. Perring, W. G. A., and Johnston, L.: Hydrodynamic Forces and
Moments on a Simple Planing Surface and on a Fiying Boat
Eull. R. & M. No. L646, British A.R.C., 1935.

An anelysls has been made of the force and moment measurements
for e plate planing on the water and expressions have been written
down showing how these water reactlons vary with the aspect ratio
of the plate and also with the angle of V of the planing bottom. The
effect of longltudinal and transverse cwrvature of the planing
surface on the forces and moments has also been investigated. In
addition the forces and momente have boen related to the ares of the
projected still-weber surface. An analysls has algo been mede of the
hydrodynamic forces and moments determined from modsl teats on a
typical seaplene hull.

The analysis has shown that the forces and moments on & planing
surface can be repreacnted by relationghips similar to those of en
airfoil. The 1ift was found to vary directly with incidence, the

=
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slope of the lift-coefficlent curve being & function of the aspect

retio of the form C A 0'11’2. A similer relationship was also found
to hold for V-sheped surfaces, the effect of the V-angle being to
nodify the coefficient C. The analysis of the drag showed that the
forces on s planing surface could bs rezarded as comprising a force
normal to the plene and a frictional force along the plane, which
varied with the Reynolds nuuber of the test. For flat rectangular
surfaces the center of pressure was approximately at 0.73 of the
imsrsed length from the trelling edge, snd expressions were alsc
found showing how the position of the center of pressure varied with
longitudinal curvature and with the ratio of the immersed lengths of
ching and keel of & V-shaped surfece. The analysis was extended to
obtain relationships which eneble the 1ift, drag, and pitching moments
of flat or V-shaped planing surfaces to be calculated from expressicms
based on the projected still-water planing area.

85. Sambreus, A.: Plening-Surface Tests at Large Froude Numbers -
Alrfoil Comparison. NACA T No. 343, 1938.

An etbempt a2t verifying Wagner's theory with Sottorf's test data
on flat planing surfaces was quibte satisfactory for short plates at
both small end large angles of attack within the entive range of
Froude numbers comprising Sottorf's progrem. For long plates, however,
the agreemsnt was far from satisfectory end was thought to be due in
part to the increassing gravity effect with plate length and also %o
the fact that Wagner'e thsory for the case of long plening surface is
applicable only to Infinltely small angles of atbacks

Tegts were made at the largest Froude number possible in order
to separate the effect of gravity and Tinlte angle of atbttack. Two
different widths of plete were experimented upon with Froudes nunbers
as high as 13.2 obtained with the narrowest plate and measurements
were teken of wetted length, angle of atback, and resistence. The
rogults were uscd to check end extsnd Sottorf's data.

The results were compared wlth thoss obtained by Wagner on
planing theory snd by Winter on airfoll theory and it wes found that
for short, flat plening surfaces grevity hes a drag-increesing effect
ag wag theoretically anticlpated. For long, flat plening surfaces it
was found that:
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(1) At lsrge Froude mumbers, the ailrfoil comparison retains its
validity even for greater sngles of attack.

(2) The 1ift conditicns for plening surfaces of any length cen
be expressed by one single curve M = u(—%), even with finite angle

of attack, where p i1is the ratio of entrained wabter moss st finlte
angle of attack to that at infinitely small angleg of attack and t/b
is the wetted length In terms of plate wldth vimes the angle of attack.

(3) Even at finite angle of a.ttack, the reduced mess 1s half as
great asg for the alrfoll.’

(4) The 1ift conditions do not change linearly with the angle
of attack.

86. Schrdder, Paul: The Take-Off of Seaplanes,-Based on a New
Hydrodynamic Reduction Theory. HACA ™ No. 621, 193L.

The planing chara.cteristics of several models of seaplane floats
and hulls at a trim of 5° are snalyzed in a menmer analogous to the
usual treatment of airfoll data. Grephs showing € end § as
functione of B (where ¢ ig ratlo of resistance to load, u is
e nondimensional trimming-moment coefficient, eand B is = planing
coefficient corresponding to tho usuel aercdynamic lift cosfficlent)
are presented to illustrate the method of enelysis.

87. Shoemaker, James M.: Tenk Tests of Flat and V-Bottom Plening
Surfaces. ' NACA TN No. 509, 193

Four nlaning surfaces, all having beams of 16 inches and lengtha
of 60 inches but varylng In dead rise by 10° increments from 0° to 300,
wereo bested in Lengley tank no. 1. The results cover wide rangoes of
spoede, loads, and trime and are applicable to a varlety of problems
encountored in the deslgn of seaplenes.

The data are analyzed to determine the characteristics of each
surface at the trim glving minimm resistance for all the speeds end
loads tested. A planing coefficient Intended to facilitate the
application of the rusulbs to design work 1s doveloped end curves of
rosistance, wettod lungth, and center of pressuro are plotted agailnst
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this coefficlent. Several exemples showing the spplication of the
vest data to specific design problems ere included. .

A -theoretical solution for the wake profile produced by a flat
surface during pure planing 1s obtained and is e@ressed. In terms
of 1ift, trim, end bsam.

" 88. Sretensky, L. N.: The Theory of Hyd.rodyna:aﬁ.é Gliding. R. T. P.
Trenslation No. 1382, British Ministry of Aircraft Production.
(From U.8.8.R. Acad. Sci. Bull. Dept.Tech. Sci. No. 7, 1940.)

The present paper continues an earlier report on the theory of
steady gliding along the surfsce of a llguid of infinite depth
("On the Motion of a Glider on Deep Water"; Phys.-Mat. Bull, No. 6,
1933, U.S.5.R. Acad. Sci.), A two-dimensional solution of the theory
of gliding is attempted on the assumptlon of Infinite veloclty at the
leading edge of the glider.

In the first pert of the paper a new derivetion of the fundamental
equation of the glide is glven and a method of solution hy Fourier
series is suggested. The second part containe asymptotic equations
Por 1lift and moments, applicable for high Frouds nunbers. The third
part contains the numsrical evaluation of the eq_ua.tion of the glide
given In the first part of the peper.

(See also abstracts 105, 106, and 1Th.)

Sustentation - Unsieady Planing

89. Darevsky, V. M.: Determinetion of the Stresses Produced .'by the
Landing Impect in the Bulkheads of & Seaplane Bottom.
NACA ™ No. 1055, 19hk.

The impact stresses in the bulkhead Ffloors of a seaplane bobttom
are determined. The dynamic problem 1s solved on the asswumption of
a certaln elastlc system: the floor is assumed to be & weightloss
elastic beam with concentrated messes at the ends {due to the mass
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of the float) and with a spring that replaces the elastic action of
the keel in the center. The distributed loed on the floor 1s that

due to the hydrodynemic force acting over a ceriain portion of the
pottom. The pressure distribution over the width of the float 18
assumed o follow the Wagner law. The formilas given for the maximm
bending moment ere dexrived on the assumptlion that the keel is
relatively elastic, in which case it can be shown thet at each Instant
the maximm bending moment is atb the point of Juncture of the floor
with the keel. The bending moment abt this point is a fumection of ¢,
which ig the half-width of the wetted gurfzce, and reaches its maximum
velue whon ¢ is epproximately equal to b/2, where b Is the half -
width of the float. In general, however, the velued of the bending
moment st the keel for certain values of ¢ are determined end a
curve is érawn. An 1llustrative computation is given and compared
with other methods of computation.

0. Poviteky, A.: I - Tmpact of & Seaplone at Lemding; IT - Maximm
Pressures on a Pertly Concave Bottom of 2 Seaplane; IIL -
Addendum to an Article by Wagner on the Problem of Tmpect
end Gliding of Seaplanses. Rep. No. 159, Trans. CAET (Moscow),
1935.

T -~ Theoretical calculations, based on ideal two-dimensional
modcls of seaplsne floats, are mede to obtain expressions for the
pressure distribution, the meximur pressure, and the resultant of
the impact force. An sttempt is made to lmprove a method previcusly
presented in a paper bY Wegner by giving a more rigorous solution of
the impact problem for the cases considered. The formilas of Wagner
are obtained by neglecting terms of the first order of smallness.
Correction formulas for Wagner's work are found by keeping bterms of
the first order end neglecting those of the second. The problem is
formileted mors concisely by consldering the spray &8 &an intesal
part of the entire flow. All the megnitudes that detormine this eprey
(thickness, velocity, kinetlc onergy, etc.) may be obteined by
congidering a single flow. The problem of landing of & seaplane with
& plane bottom is solved by the mothod described.

II - The solution of the problem of impact on a partly concave
bottom 18 based on the suggestion of gimtlarity of the fluid motion
due Lo the immersed comceve botiom with the flow around two pletos
mutuelly enlarging towerd one anothor. The rate of enlargement of
these plates mst be equal to the vrete of enlargement of the wetted
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surface. With cuch an analogy, 1t is possible itoc obbaln a
comparatively simple expression for maximem pressures, which
obviously erise in the center of the concave part of the boivtom.

IXIT - Methods ars glven for finding verious imporient parsmeters
occurring in Wagner's paper. These mothods simplify the computations
considerably and m=ke possible the application of the Wagner method
to the design of seeplane hulls.

91. Welnig, F.: TImpact of = fee—"’ypa Sea,pLane on Water with
Reference to Elasticity. UNACA T4 No. 810, 1936.

The theory developed by E. Wagner for the computation of the
landing impact on wabter for a »igid float is exbtended to lnclude
elagtic floats by introducing the concept of an equivelent rigid
bottom to substitute fcr the actual elestic bobttom. The effect of
the elesticlty on landing 1s found to be of minor importance. ‘
Evidence exists, however, thet the elastic comnection between the
principal masses of the sesplene end the flozts is of much greater
importance than the actual elestlicity of the floats. The sclution
of this problem i85 suggested.

92. Meswes, E.: The Tupact on Floats or Hulls during Lending as
Affected by Bottom Width. NACA ™ No. €11, 1936.

Theoretical calculations &re made’ to determine the effect om
the impect force of various geometricel paramsters characteristic of
g seaplene float or hull. During the landing, en Increase in the
impact is found %o occur with incresse in bottom width only up to a
certein limiting velue of the bottom width. This limiting value bath
for stralght and curved V-bottoms is independent of the megnitude of
the sngle of dsad riss. In most practical cases ihie calculated value
is smaller then the measured velue.

93. von Kirmén, Th.: The Impact on Seaplane Floate during Landing.
NACA TN No. 321, 1929.
A simple theary ls advanced to obtain, under simplifying

essumptiong, formmies for ths lmpact pressure on soaplane floats end
hulls. The calculations are carrisd out by epplying the law of
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conBervaetion of momenitum end the miincinle of virtual finid mass

to the flnate. It 1s pointed out that the method is good only when
two-dimensional motlon is assumed. The theoretical formule ia
checked with experimentel evidence, and the agreement 1s conaldered
setizfectory.

94, Taub, Josef: Load Assumpiions for the Landing Impact of
Seaplenes. NACA T No. 643, 1931.

Theoretical formilass =re presented to show that computation of
the impect forces for seaplane floets and hulls should include a
gcale Ffactor =aa well =g *the type of snlargement. Tho type of
enlergement s preferably charscherised by the changs In surfece
loading. It is shown that the enlargement of 5 amall seaplane
generally rosults in changed float (or boat) loeding as well a8 in
changed wing loading. The theory is appliod to Wagnor's end Pabst's
impact formles. ¥For eveluation, two specicl methods of determining
the enlargement are set up zs practical limite; namely, Lenchester's
method, by which the surfece loadlng is not disturbed, and Rohrbach's
msthod, by which the loading is increoagsed ag the cube root of the
enlargement factor. The resulis of the inquiry conflym the theory,
fundesmentally, end lead to some practical conclusions concorning
impact, in splte of the uncertainty of individual assvmptions end
congiderable discrepencies with exlating dsslign specifications.

95. McCaig, I. W.: Preliminsry Note on the Impact of an Inclined
Wedge on Weter. Rep. No. E/Res/190, British M.A.E.E.,
April 20, 19L5. : :

A theoretical estimation is presented of the effect of
attitude and forward spesd on the impact of a seaplane forebody
(represented by 2 simple wedge) landing on calm water. An approximate
formala has been obtained for the maximum irmact deceleration, and s
method of calculating the time to meximum deceleration is given. A
numeiricel example 1s given In which the formules are spplied to a
comparison of two flying boats wolighing 50,000 pounds and
200,000 pounds landing et the mems rllght-path angle and st the same
rate of descent.
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96. 'Pebst, Wilkelm: Theory of the Landing Tmpact of Seaplenes.
NACA ™ No. 580, 1530.

Tho theory of von Kaxrmén is exterded by considering the elasticlty
of the ssaplere. The calculations are cerried ouh on the basis of
models represented by various mssses connected by springs. Meothods
are discussed by means of vwhich the spring constants mey be determined
experimentelly. .

Formulas for the impact pressure are calculated for various shapes
of two-dimepsional hulls, end mumericsl values ars obbtained by
experimental determinstion nrf the sleasticity between the fuselisge and
float of a Heinkel seaplsne.

97. Sydow, J.: Toer den Binfluss von Poderung wnd Filelung auf den
: Lendestoss. dJahrb. 1938 der demtschen Luftfehrtforschung,
-R. Oldenbourg (Munich), pp. .T 329 - I 338. (A&vailsble as
British Air Ministry Trenslation No. 861.)

The work of Psbst and Vegner, which dealt aaly with spring-
supported, flat bases and rigid, keeled bases, 1s supplemented by
. determination of the impact force on clastic, keeled bases. The
calculated results are compared with experiments.

. The relztionship of the kweling, the impact velocity, end the
elasticity of the floct supporit to the landing impact of & seaplene
has been investigated by caloulation and experiment, for the case of
floats with straight, keelsd bases. For the cases tosted by experi-
ment, the agreement between experimental and calculated results is
good..

Applicatlon of the results must be undertelten with great care
beceuse little is known with regard to the perticular elastic pro-
porties of the airplune that ere importent for this problemn, and
no accurete date are svailable for the impact length end lmpact
velocity, which depend not only on the sirplane but also on the
Beavay.

(See also ebstracts 221 snd 226.)
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98. Schmieden, C.: Die Berechnung kavitationssicherer Tragfifigel-
profile. %.f.a.M.M., Bd. 12, Heft 5, Oct. 1932,
_pp- 28'8"310-

With the asaumption that potentlal theory mey be applied, a
methiod has been developed that may be used to calculate section
profiles which have superlor cavitation characteristics. The theory
is sufficlently general to give the pressure dlstributlon and the
1ift for a given proflle. The method iz epplied to & number of
speciflc examples, and the results of the sample celeulations are
given in detasil.

99. Land, Norman S.: Characteristics of an NACA 66,5-209 Section
Hydrofoill at Several Deptha. NACA CB No. 3E27, 1943.

A hydrofoll section, desiznated NACA 65,5-209, has been developed
especially for use in high-speed undexrwater operation. The section
hes a sharp leading edge and & substantially flat chordwise pressure
distributicn at & 1ift coefficlent of 0.2.

I3ft, drag, angle of attack, and speed were mezsured at differemt
depths of submersion varying from%‘— cherd to 5 chords and plotted in
conventional NACA aserodynemic form. These curves show that the 2ift
coefficient increases directly with the angle of attack. The drag 1s
approximetely constant up to 2° end then increeses charply for higher
engles of attack; a maximmm L/D value is thus cbtained. It was
found that this ratio (ebout 27 for speeds of 15 fps) decreased with
an increase In speed. -The lowest speed at which cavitation was
observed on the upper surface of the hydrofoll at ezch engle of
attack 18 indicated.

100. Betz, A.t Einfluss der Kevitation auf die Leistwng von Schiffs-
schravben. Sonderdruck der Verhandlungen des III Internaticnalen
Kongresses flir technische Mechenik (Stockholm), 1931.

An approximate theory of hydrofolls operating et high velocities
i1s developed on the assumption that the flow around a fully caviteting
hydrofoll i1s enalogous to the flow sbout a flat nlate. Equations are
derived which give the 1ift coefficient CL and dreg coefficient Cp
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as functions of angle of atback o and caritation nuwrber. The
theory as given applies only if the pressure slde of the hydrofoil
gection is flat and if cavitelion is developed only on the suction
side. Furthermore, only small angles of attack may be considered.
[The formmlas have been checked et GStbtingsn by O. Walchmer whose
experiments confirm the snalyticel expressions,)

According to Betz's theory, the shape of the suction side of
the hydrofoll is immaberial with regard to the velue of the 11f%
and drag coefficients. This conclusion appesys to be Justified only
insofar as the 1ift coefficient is concerned, [On the other hand,
neither NACA's nor Walchner's experiments appear to have drag coef-
ficients independent of profile thickness.]

With the theory, lift and draeg coefficlents are predicted only
for cavitation numbers corresponding to fully developed suction-side
cavitation. Moreover, the sams’ coefficients are known theoretvically
for the cese in which no cavitation ocecurs at all (Cp, = 2ma). No
‘work hes been done an the lntermediate reglon of partlally developed
cavitation, as the physical processes sre not well understood in that
region. EI-a.ter experiments geem to indicate that for lncreasing
cavitaetion numbers bhoth the 1ift and drag coefflcients at first
follow Betz's formula well then reach a meximum peak in the rogion
of partielly developed cavitation, beyond which they epproach a
constent value glven by the formmlss for the mundisturbed flow. This
latter value is in all instances somewhat bolow the highest 1ift end
drag developed.;] The theory hes been applied to celculate the
officiency of ship propellers es a function of the lift-drag retio
and the degroe of cavitatlon exlsting on the propeller blades.

10L. Knapp, Robert T., end Daily, James W.t Force and Cavitation
Characteristice of the NACA L4312 Eydrofoil. NIRC, div. 6,
sec. 6.1, OSRD, CIT, June 10, 19kk.

o This report covers wabter-tunnel tests of a "two-dimensional®™
installation of a 3-inch-chord, lO-inch-spen section of the NACA hhio
profile. The tésts included measurements during cavitation-free
operation of the hydrodynemic forces and moments es functions of the
angle of attack and veloclity of flow and cbservations wmder cavitating
conditions of the inception and growth of cavitation for different
angles of attack as functions of the cavitetion paremeter K. The
results ere compared with existing information on this kydrofoll from
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other sources and the water-tunnel test methods for obtdaining
the hydrodymenic charscteristics of hydrcfoils are discussed. The
main findings ere as follows:

Water-tunnel testing provides a very satisfactory

uethod of observing and measuring cevitaetblion
characterietics of hydrofolls a8 well as non-
cavitating charecteristics, all with e single test
instellation.

Photogrephs of cavitation and the simmlitaneous pressure
and veloclty measurements lllustrate:

(=) The acceleration of inception of cavitation by
increase in veloclty or by decrease in pressuve
(elther one of which causes the cevitation para-
meter K to become smaller) and by increase in
angle of attack. The resulte are summarized con-
veniently in the form of curvus of submorzence
regulred to aveld cavitation for different
veloclitlies and attack angles,

(v) ‘fhe inception, first on one face and then on the
other face of the hydrofoil, a8 the cavitation
persmeter 18 reduced.

(¢) The chenge in magnitude and the cheracter of the
cavitation bubble with angle of attack and with
cavitebtion parameter.

() The effect of small surface irregulsrities or
adhesion of foreign meterial to the leoading edge
¢f the hydrofoil’ in accelersating inceptlion of
-cavitation. :

WitJ the "two-dimsnsional" test installstions the infinite

aspect ratio or "section" charscteristics can be
approximated without daba correction of any Xind. This
is in contrast with the normsl typne of installiation
wlth three-dimensiomal flow about short spans which
requlres eleborate corrections to obtain infinite aspect
ratlio charscteristics.
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h. EBvaluation of pogssible errors indicates that the
accuracy of these data is good in the lcw-11f%
range of normel hydrofoll applications. AL high
1ifts (large engles of attack) the abaolute
goourscy 13 reduced but the good camparstive
results are still cobtelned.

102. Benson, James M., and Le..nd.,. Normen S.: An Investilgation of
Bydrofoils in the NACA Tenkr., I ~ Effect of Dihedrel and Depth
of Submersicn. NACA ACRH, Sept. 1942.

Teats have been mads at Langley tenk no. 1 on a series of hydro-
folls to obtelin cuanititetive informatlon on the lift-drag ratio of
hydrofoils as a function of the particulsr shepe used, e veloclty,
the angle of Aihedr=1l, and the depth of submersion. The hydrofolls

“tested included the WACA 16-500 sirfoil sectlion and. a section derived
from the 16-509 airfoil by sharpening the leadirng edge. Velocities
attained were as nigh as 95 fest per sscond, and tue angle of dlhedral
was veried to imclude 0°, 10°, . and 30°.

At a depth grea.ter than 4 or 5 chords, the presencs of the free
water surface did not affect the 1ift and dreg. 4s ths hydrofoll
approached the surfacs, 1lift end drag decreased snd the speed at
vhich cevitetion first eppecred (this point was noted on the curves)

wves increased. A4t very shellow immersions (% chord and less}, 1ift

and drag became discontiztuous when separation occurred over the
hydrofoil. For this reason, the use of large angles of dihedral was
fTound o be =zdventageous.

+ A maximm lozding of the hydrofoll was defined by speed for
complate upper-surfacs cavitction; this maxiwmm load was esbout
2200 pound-feet. For high speads and lor angles of ettack, fubrther-
moye, £ logs of 1ift occurreu. t__a.t was attributed to lower-surface
cavitation.. . . .

103. Numackl, F.: .Measurdment of Forces on Slotted Blade Profiles
under Cavitation. R.T.P. Translation No. 146k, British
Ministry of Aircrast Puwduction. (From Werfh Peeclorei Hafen,
Jehrg. 20, Oct. 15, 191;1, pB. 205-299.) .

Since wind-tunnel tests hawve shown that higher 1ift coefficlents
are attainable with slotted profiles, information on the characisristics
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of glotted blades under cavitatlion was desired. The results of tests
showed that slotted blades dirsctly cause cavitabtlon and produce
charscteristics almost opposite to those anticlpated by the author

and to those generally required. The slotted profiles tested were
also inferior to the original Clark Y profile with respect to the
degree of verlation in engle of atteck for minimm gliding cocefficlent.

10k. Coombes, L.. P., and Davies, E. T. J.: Nobe on the Posmsibility of
Fitting Hydrofoils to a Flying Boaet Hull. Rep. No. B.A. 1hho,
British R.A.E., Nov. 1337.

The present state of knowledge with rega.rd. to hydrofoils is very
briefly reviewed. On the basis of the assumption that no cevitetion
will occur over the entire rangs of operating speeds (0-113 fps) and
that the 1lift-drag ratio remeins constant whlle the Lydrofoil is
submerged, = theoretical enslysis 1s mads of the efficiency of s
planing surface fitted with a hydrofoil, and the results are used to
find the reduction in drag which would result from fitting & flying-
boat hull with & hydrofoil. As a reduction of some 20 percent in
the hump drag is indicated, it 18 concluded that the resuits of the
analysis are sufficlently promising to Justify further experimental
work, and the lines on which 1t should be done are suggsested.

105. Weinig, F.: On the Theory of Hydrofoils and Planing Surfaces.
NACA TM No. 845, 1938.

The hydrodynemic propertlies of hydrofolls and planing surfaces
have been investlgated under the assumpiion that airfoil theory ias
applicable If the free water surface las introduced as an additional
boundary condition.

The problem of the hydrofoll has therefore been studied in two
dimensions by investigeting the influence of the free water surface
on & corresponding alrfoil; 1ift and drag coefficlents have been
computed ag a function of depth of submersion. The planing problem
has been consldered and the fundamental characteristica have been
calculated on the original supposition. Methods glmiler to those
used in airfoll theory mey be applled for the calculation of
pressure distributions.
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The hydrofoil problem has been treated also in three dlmensions on
the basis of an anelozy to the nonstaggered biplane problem. Lift and
drag coefficlents have been deduvced for deep and shallow submersions.
For the case where the hydrofoil tips penetrabte the free water surface,
1if+ snd drag have been computed on the besis of the boiplans enslogy.

The plening problem in three dimensicms has been esteblished and
discussed briefly with suggestions as %o a method for its solution.

The influence of c;avits.tion on the 1lift of the hydrofoil has
been noted, and sn attempt has been mede to compute & shape with a
favoreble pressure distribution that delays the onset of cavitatiom.

The effect of gi‘a.vity on the resisbtance of hydrofoils and planing
surfaces has been studied on the basis of Wagner's results. It is’
concluded that the Influence of gravity may be neglected in both cases.

106. Wadlin, Kemneth L.: Preliminsry Tenk Experiments with & Hydrofoil
on & Planing-Tasil Seeplsne Hull. NACA RB No. LhC23, 19hk.

Exploratory tests were msde to deteormine the feasibility of using
& hull with a form similar to that shown in the accampanying disgram to
perform the functions of & conventional flying-bost hull end to glve
scme improvemsnts in the hydrodynzmic resistence and sta'bility character-
istics. The possibllity of using a hydrofoil on the afterbody of this
type of hull to furnish hydvodynamic ‘11ft is explored. It is shown that
an afterbody of very small cross sectlon and having no chines can supply
sufficient 1ift to be succossfully used on & flying-boat hull. A single
hyérofoil can be added to an afterbody of this Type in such = menner
thet it will provide additicnal hydrodynamic 1ift without introducing
instsbility. Although tkis additionel 1ift would slightly roduce the
load on the afterbody boom end, consequently, would reduce the helght
of the. spray around the teil, i% 1s doubtful tHat these benefits would
be sufficient to warrant the use of & hydrofoil In such & msnner.

k' ’\j; § R—
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107. King, Dougles A.: Preliminery Tanl Teasts of an Outboard Float
Having the Form of a Streamline Body of Revolution Fltted
with a Hydrofoil. NACA ACR No. IkDO6, 19kk.

Preliminaery tests were mmde in Langley tenk no. 1l to investigate
the hydrodynamic quelitiss of & streamline body of revolution of a
fineness ratlo of 5.1U4, both alone and with e lifting hydrofoil. The
hydrofoll, supported below the body by means of strute that geve the
effect of end plates at the tips of the hydrofoil, had a chord about
48 percent of the maximun diameter of the body, an aspect ratio of
1.92, and a dihedrasl angle of 30°.

In general, at constant drafts, the lift of the streamline body
without the hydrofoll decreased with increasing speed. When the trim
of the ‘body was 5° and the body was not wholly submerged for any +wo
values of draft, the speed at which the 1lift bpecame negabive was
greater for the greater draft than for the lesser. When the trim of
the body was increassd to 10° and the body was completely submerged,
the 1ift did not vary greatly with speed. The reslistence of the body
" in this condition was of the same order of magnitude as the 1ift. At
-high trims the hydrodynamic lift-resistence ratios of the stroamline
body with the hydrofoil were higher than those of a conventional
outboard flo=t. '

The aeorodynamic drag of the combination of streemline body and
hydrofoll was computed end compered with thet of several conventional
floate. The minimum drag of the combination was gbout 50 percent of
the average minimum drag of the conventional flosts. The combination
at an angle of ettack of 0° and an engle of incidence of the hydrofoil
of 10° had a drag sbout S50 percent of the average drag of the comn~
ventional floate at an angle of attack of 0° based on the keel just
forward of the step and sbout 35 percent of the averege drag of the
conventionel floats at an angle of attack of 5°.

108. Ward, Kenneth E., and Lend, Normen S.: Prellminery Tests in
the NACA Tenk to Investigate the Fundamental Characteristics
of Hydwrofoils. NACA ACR, Sept. 1940.

The present preliminery investigation wes made to study the
hydrcdynamic properties and general behavior of simple hydrofolls.
Six 5~ by 30-inch plain, rsctangular hydrofolls were tested in Langley
tank no. 1 at various speeds, angles of attasck, and depths below the
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water surface. Two of the hydrofoils hed sections representing the
sections of commonly used airfoils, one had a sectlon similar to one
developed. by Guidoni for use with hydrofoll-equipred sezplane floats,
and three had sections designed to have constant chordwise pressure
distributions at given values of the 11ft coefficient for the purpose
of delaying the spesd at which cavitation begina.

The experimental results are presented as cu:c'v'es of the.lift
and drag coefficients plotied against speed for the various angles
of attack and depths for which the hydrofoils were tested. A ntmber
of derived curves ars Included for the purpoge of better comparing
the characteristlics of the hydrofolls and to show the seffects of
dspth. Several reprcsentative photographs show the developmsnt of
cavitation on the upper surfacs of the hy‘da.o.noils.

The results indlicate that properly dseigned hydrofoil sections
will have oxcellent charscteristics and that the speed at which
cavitation occurs msy be d.elayed to an eppreclsble cxtent by the
use of sultable sections.

109. Benson, Jemes M., and King, Douglas A.t Prsliminary Tests to
Determine the Dynamic Stebility Cheracteristics of Various
Eydvofoil Systems for Seaplanes and Surfece Boats. NACA
EB No. 3%02, 1343. :

Qualitative tests were performsd at the Lengley tanks to determine
the stebility characteristice of several arrsngements of hydrofolils
that hare heen proposed for use on seaplanes énd high-speed surface
boats of the PT class. For this purpose the hydrofolle were mounted

on a —l—-size medel of a hypothetical 75-foot PT boal having &

displacemsnt of 160,000 pornds with the exception of ‘the Guidoni
S V A.-tgpe hydrofoils, which were mounted oan a strea.mline gpindis.

The staebllity of the hydrofoils was tested in six d.ifferen;
arrengements: (=) iwo flat hydrofoils in tendem, (b) two V-hydro-
Poils in tandem, (c) two curved hydrofolls in tondem, (d) & mono-
plane hydrofoil with tail plane (Tietjens hydrofoil system) (e) &
£lat hydrofoil ladder, and (f) an arrangement similer to that used
by Guidoni. In the serics of tests, models wers towed either by using
a staff or a line; several srrengerents, in sddition, were tested by
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using self-propelled muodels entii‘é,ly P?rée from the tdwing carrisgs.
Yawing end porpoising ingtability were noted.

The results, elthough cbialned vnder conditione Iin which
cavitation did not occur, indicated thet the moet important effect
involved is the erratic chenge in 1ift and drag that ococurse as &
hydrofoil approaches the free surface of the water. This effect l1s
more gevore for a flat horizontal hydrofoll than for cme having
dihedrsl. The effect is also more severe for monoplane hydrofolils
than for rmltiplens hydrofolls.

A ladder-like asrrangement of geversl hydrofoils, inclined at a
dihedral engle of aboub 20° from the horlzontel and exrenged in e
tripodal system on & gelf -propelled model, was Pornd to be relatively
free from ingtabilitles exhibited by monoplane syshems. An. ayrenge-
ment .of two ladder-like sysbtems In tandem on o streamline splndle wes
Found to be steble throughout a wide Tange of spoeds. No dynemilc
inetability wes observed when this model (representing the hull of a
flying boat) was lifted out of the water to simplate teke-off.

It is belleved that more oxtenalive studles of a quentltative
netore should be underteken undeY condltiong more nearly approximating
full-size condition, in which cavitation ig prohobly & very important
congideration.

110. Lend, Normen S.: Prellminary Tests to Investigate Low-Speed
Spray of a 1/8-Full-Size Dynemic Model of the PB2Y-3 with a
Eydrofoil - NACA Mod.el 131"X- NACA N!R, Bur- Aeroo,

Aug. 25, 1943,

Tests were conducted at Lengley tank no. 1 to investigate the
effectiveness of hydrofoils in oliminating spray entering the
propellers of a Iflying boat. The purpose of attaching hydrofolls
was to provide additlonal '14ft, thus unloading and trimming the hull
at low speeds. :

The hydrofoil used in the tests had an NACA 16-100G alrfoil
gection and the struts, & double convex circular asrc section with 2

fineness ratio of 11.2. The model was e.—%’—size dynamicelly similer

model of the PBEY-3 alrplene with gross load of 148 pounds (76,000 1b
P11 size), flaps deflected 40°, elevators neutral, and propellers

e
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cperating et 6200 rpm. These conditioms simlated to scele the Full-
size airplene.  Short, accelerated runs were made through the gpeed
renge in whick bow spray was objectionable.

The tests indicated thet none of the hydrofoil arrangements
used completely eliminated spray entsring the propeller disks. All
posltions, however, except the one in which the hydrofoil was placed
most aft, greatly reduced the volume snd duration of the sprey.

This reduction was believed to be caused by the additional 1lift and
consequent decreased draft of the hull at the critlcal speeds.

Monoplans hydrofoils, like the ome teated, cause violent
instabllity when the tips break through the wabter surface. It is
therefore necessary to use a closely controlled retracting device
that will raise the hydrofoils as soon as the critical spray speeds
have been excesded.

111, Welchner, 0.: Profile Measurements during Cevitation.
NACA ™ No. 1060, 1oLk,

Meagurements were mede at the Kaiser Wilhelm Institube for Flow
Pesearch at GSttingen to determine the forces scting on hydrofolls
during cevitation. For. thie purpose a hydrofoil of circular arc
section was mounted into & ring chennel through which a gteady motion
of water could be sustalned by mesns of e pumo. By controlliing the
rate of flow through the test section end the preesure in the snrge
tank, any desired cavitation nunmber couwld be obtained even at low
speeds. Forces on the hydrofoil wers measured with a balance
directly pleced in the chennel and precautions were taken to account
for additional forces due to the goometry of ths balsnce.

During the experiments three different types of cavitation were
observed: (1) cavitation on the front edge of the suction side of
the hydrofoil, (2) cavitation beyond the middle of the suction side
of the hydrofoil, and (3) cavitetion at tho front edge of the pressure
side of the hydrofoil. ' The resulis wers glven in terms of the cav-

Bt -
itation number {defined as -~ 2D vhere p was the pressure of

q
undisturbed flow, pp was the vapor pressure, and g was the

dynamic pressure> end the 1ift and dreg coefficients.
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For given trim of the Lydrofoll the three different reglons at
which cavitation occurs interchenged as the cavitetion number was
altered. Lift and dreg coefficients when ploiled against each cther
with trim as a paremeter show that the vrofile of the hydrofoll
becomnes effectively leose suiteble hecause of cavitabion at low 1Lift
coefficients. When cavibtetion occurs in accordsnce with case (1),
small increases in the lift-drag rebtio are cbbained. As the region
of cavitation moves backward, the profile of the hydrofoll becomss
less efficlent end when case (2) is reached, the lift-drag ratio is
at & minimm. Cuse (3) is similar to case (1).

The results chtalned worse compeared with the theory of Betz,
whilcn gives for the 1ift coofflecient the formula

T 2D PD
2 q
wiere o 318 the angle of attack. This thocry is cnly applicable

when caviteticn occurs in accordance with case (1). In this instence
the agreement hetween thsory and experiment was found to bs good.

112. Thoruburg, F. L.: Report on the Use of Hydrofoils to Asaslst the
Take-Off of the ¥BRY-3 Airplene. Rep. No. ZE-20-013,
Comsolideted Aircraft Corp., 1943.

A Dbrief study has been made of hydrofoll assistance during the
critical spruy period of take-off for tire PB2Y~3 alrplane. Three
systems of monoplane hydrofoils were inves tigated: (1) with one
supporting hydrofoll Jjust aft of the canter of grevity, (2) with main
supportiag hydrofoll fouwerd and e trimming hydrofoll aft of {the center
of gravity, end (3) with main supporting hydrofoil aft and a 'brinm'ling
hydrofoil forward of the center of gravity.

The resulte of these studies indicate thet the use of hydrofoils
w1ill Increase the acceleration of the alrplsne and will decreass the
draft at epeeds up to 7O feet mer second. The use of hydrofoils will
lower the teke-off time with normel gross load sbout 14 to 15 seconds
and snould improve the spray. The hydrofoile muist be retracted at
around 60 feet per second to avoid cavitetion, wiich begins at or
below thls speed at almost all trims.
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113. Beldwin, Casey: Senplanes and Hydvofoils. Cenadien Aviation,
Jen. 1945, pp. 48-50. -

The adventages of the seaplane over the lendplane ney. be given
eg follows: '

1. Grezter pay load

2. Greater safety in water take-off and landing

3. Bafety with over;Load.ing )

k., To expen's-e or welght of retrectable landing gesr

5. Bether atability and seaworthiness and s_mpler canstruction
with increased. slze

6. Grester safety in crash landing
T. Grea:ber Bafety in rocket assistbance

At low speeds, hydrofoils are at least as officient as the best
airfoils, have 2 hiszh aspect ratio, and are arranged in s'teps with
ample gap-chord ratlo and with whetever dihedral engle is deemed
advisable. The dithedral, bosides sdding to the stability and. general
seawoythiness, provides smooth reafing action, resulting In an aslmost
flat resistance curvo. .

- The principle involved in hydrofoil craft is that of the differ—
entiation of functions, the hull for flotetion and housing only, the
wings for air support, and hydrofoils for dynamic wetbter support and
cushioning the shock of coming down on the water. Penotration.of the
bottom hydrofolls and their emell size prevents porpolsing fnd houncing,
whether in teking off or coming down 111 rough water.

11%. Guidoni, A.: Seaplanes - Fifteen Yesrs of Naval Aviation.
Jour. R.A.S., vol. XXXIT, no. 205, Jan. 1928, pp. 25-G%.

The history of -float sesplanes equipped with hydrofolils is traced
through the years 1910 to 1925. Information regarding the design of
seaplane floats and the effects of hydrofoils on the performancs, is
given in terma of lift a.ud. drag. :
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The chief adventages of hydrofoils 1lie in: (1) weight economy;
(2) the possibility of designing seaplane floate to give zood
serodynemic characteristlcs, thus redvcing = common socurce of air
drag; (2) improved take-off end landing characteristics, especially
in rough water; snd (4) reduced water resistence.

Hydrofoils extend below the bottom of the boat and may become
fouled by debris. The hyrdrofolls must he carefully deslgned
structurally to prevent breaking at high speeds. Special care must
bs glven to the choice of hydrofoll section and angle of attack of
the lower hydrofoils to maintdin high efficlency.

115. Gyrunberg, V.: La sustentation hydrodynemlque par allettes
immergées. Egsais d'un systéme sustenta.teur autostable.
L!'Adrotechnique, no. 17k, 16° année, supp. to L'Adronsutique,
no. 217, Juns 1937, pp. 63.-69

The system tested comslieted of z hull with & hydrofoil at the
stern and a Ffloat (or a series of floais) at the bow. The center
of grevity was located so that 80 to 92 percent of. the load wes
carried by the hydrofoil. .

A% high speeds the forward floate ylened. The hydrofoil
1ifted the hull and the model 'oivoted about the forrard floats, so
that the =sngle of attuck of the hydrofoil was reduced as the speed
increased.

Adaptations to alrcraft are discussed end tests of a model on
2 whirling sim are described. The load-resistance ratio A/R of
the model veried between 3 and 6 at planing speeds and was stated
to be higher then for planing creft. .

116. Lsnd, Norman S.: Tank Tests of a Grunberg Type High-Speed Boat
with a Iifting Eydrofoll and Plening Surface Stabllizers.
WACA Models 103-A and 103-B. HNACA MR, Bur. Aero.,
July 22, 1940,

Tank tests were made to determine the sultabllity of a Grunberg
type high-speed boat for use in onen-water towing of Langley tenk
models. The Grunberg type motorboat employs a hydrofoil under the.
hull as a lifting device and two planing surfaces forwerd of the hull
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as stabilizers. Test results were compared with the results of a
test of the hull alone made previously. The results showed that the
Grunberg hydrofoil bost has consiisrablc merit as e high-gpeed: boet
end that the top speed of an existing boat could be consid.era'bly
raised by modification to a Grunberg type.

117. lLend, Wormsn S.: Tenk Tests of a Guidoni Type Sv.h. ‘ Seaplane
Float with Hydrofoils - NACA Models 67, 674, 67B, and 67C.
NACA MR, Bur. Aero., Sept. 1, 1942,

Investigations were made at Iaengley tank no. 1 of the properties
of a seaplane float of the original Guildoni typs with different
arrengenents of the hydrofoils.. The original molel was an approximate
half-size reproduction of a float used by 4. Guidoni on his SVA
seaplane. Three modifications of the originsl model were also tesbted;
the first two sete were multiplene arrangeoments following Guidonl's
. deseriptions snd the third was e monoplzne sot.

The tests were conducted with the model free to trim at several
positions of the centor of gravity. Pesulis wers plotted In terms
of resistence, trim, rise, losd on the wabter, and lJozd-resistence
rgtio agarinst speed. It wes notad thet all the models passed through
roegions of longitudinel instability. The front hydrofolls lifted
Tirst, causing an increess in the angle of atiteck and an increase in
1ift. Becausec of the large moment of inertia of the nodel, the bow
rose beyond the equilibriuvm point thus becoming unstable. A further
cause for this Iinstebility was the production of cavitetion as the
hydrofoils nesred the wetor surface.

Tt 1is believed that the tésts were nob indicative of the actual
full-size instability because of the exceseive moment of inertie of
the, model.

. 118. King, Dougles A.: Tank Tests of a Model of the PBY-Type Out-
board Float with Hyd_cofoils. NACA Mg, Bur. Aeroc.,
Dec. 164 1943. e

- Tegts were mede in Ia.flgley tenlk no. 1 with e.—.;;-‘-size model. of a

PBRY-type outhoard flost, which wae fitted with various arrangements
of hydrofoils for the purpose of increasing the hydrodynemic 1ift.
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All of the configuretions tested increesed the hydrodynamic 1ift,
scme by &8 mach as 100 percent. The resgistance wasg also increszsed
so that the lift-resistance ratic was not greatly eltered, especially
when the draft of the float waes great enough for the hydrodynamic
forcea on the flecah iteelf to be large.

A hydrofoll supported below the float by means of struts, which
gave the effect of end plates at the tips of the hydrofoil, dsveloped
about 20 percent more 1ift +than and about the sams lift-registance
ratio as hydrofolls of twlce the total ares projecting from the sides
of the float at the chines. Both hydrofolls had chords of about
50 percent of the maxirmm beam of the float. When the hydrofoil was
supported below the float on struts, an increase in the distance of

the hydrofoil below the f£loed from%’- chord o 1% chords resulted in
increases in 1ift and resistance of about 30 porcent.

119. Lend, Normen 8., Lina, Lindsay J., and Eavena, Robert F.: Tank
Tests of Two Oglval-Secticn Eydrofoils. NACA MR, Bur. Ships,
April 16, 19h2.

Tests made at the Lengley tanks to determine the characteristics
of hydrofoils of various sections have proved to be of considerable
interest in the design of blades of shlp propellers. Tests have been

made of two hydrofolls of pleno- convex (ogival) section with 2%-
and 6—-percant chord thickness.

: Curves are presented showing the veriation with speed of the
1if%t end drag coofficients of these ogivel hydrofoils with angle of
attack as & parameter. Summary curves of the characteristics of
each section (lift and drag coefficient, lift-drag ratio, end
cavitation speed a8 a functlon of angle of attack) are elso given.

120. Llewelyn—Dafies,-D. I. T. P.: . Tank Tests o & Streémliﬁed Wing
Tip Float with a Hydrofoil Attached. Rep. No. Aero 1910,
British R.A.E., Feb. 1ohk.

Tenk tests were required ito investiyate the poseidbility of
ueing as a wing-tip float a streamlined body with a hydrofoil
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attached. Tests were made on an airsghip-sheped floet with a hydro-
foil attached in various positions end incidences. The effects of

seversl modifications were noted and observations were made of the

dreft, resimbance, and water flow. )

The modification with a ventilated step at the maximum thickness
was found to have =2 water performsnce about equel to that of the
Sunderlsnd wing-tip floabt although the change in draft dure to load
was greater. The tendency for the float to porpoisce at speeds betwesn
25 and 40 knots would probebly restrict its use on seaplanes. The
reduction in air drag on a 5000-pound fleoat was estimated to be

2
about li’-[_- pounds at 100 feet per second or e reductlon of sbout 35 per-
cent of the air drag of the wing-tip floats.

(See also sbstracts 1 apd 192.)

Steady Longltudinal Forces and Moments

121, Parkineon, John B., Olson, Roland E., Draley, Eugene C., and
Taoma, Axvo A.: Aerodynamic and Eydrodynemic Tests of =z
Family of Models of Flying-3ost Hulls Derived Irom g Streesm-
line Body - NACA Model 84 Series. NACA ARR No. 3I15, 19h3.

A series of related forms of flying-boat hulls representing
various degrees of comprouise bebtwoen asrodynamic and hydrodynamic
requirements was tested in Lencley tank no. 1 and in the Langley
8-foot high-speed tummel. The purpose of the investigatlion wes to
provide information regarding the penelties in wabter performsnce
resulting from further serodynamlc refinement and, as e corollsary,
to provide information regarding the penalties in rangs or pay load
resulting from the retention of certain desireble hydrodynemic
characteristics. The information should form & basis for over-all
Improvements in hull form. '

The related models of the series were based on an arbitrary
streamline body of revolutlon. The veriations in form were developed
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in such a way as to ghow clearly the effect of conventicmal departures
from the ideal streamline body made in the design of flying-boat hulls.

The models were 114.85 inches long and the dlemeber of the basic
streamiine form wasg 15.92 inches. In the hydrodynemic tests,
resistence and trim snd triming moments were measvred at all spceds
end loads of interest and the spreay patterns were photogrepied. In
the serodynamic testes, Lift, drag, and pitching moment were messured
wlth trensition fized at 5 percent of the length =t agpeeds up to
420 miles per hour and at Reynolds numbers vp to 30,000,000.

The results of general frev-to-trim and fixed-trim tests of a
model incorporating the most promising of the forme tested ere
presented in the form of design chaxrts for estimatling static water
lines and teke-off performance. The aerodynamic datsa, becauss of
thelr unlique character, are presented for use In estimating the
effect of the variables investigated on asrodynamlc performance.

It is concluded that the serodynamic drcg of e nlaning type of
hull need not be mors than 25 percent greater than thet of the
streamline body from which it is derived. This diffvronce mlght bo
reduced by the development of a form of afterbody that has lecss
influence on the flow than does the convontional pointed type.

i >
Bow l e iRt T - f.’_—égtem h_
—— ..:_-_‘ ——— '__E-f‘:—_::'w

rpe—

(1) Bffect of addition of cliine flare

Chine flars has e smell effect on- the resistance end trim up
to and including the hump but results in a mch "cleaner" running
hull. Chine flare o the afterbody reduces the resistance at the
hump and elightly increases the resistance at planing speeds.
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(2) Effect of increasing sngle of afterbody keel

Increasing the angle of efterbody keel increcses the trim and
resistance et the hump and lowsrs the resistauce &t planing speeds.
A low afbterbody resulis in the clesnost running at low spesds bub
gllows Instability to occur et a lower angle at planing speeds.

—_

- : . .
Bow l&—- —_ 3:?/_8'& T 4 )

(3) Effect of increasing depth of atep

Increasing the depth of step has = small effect on resistance
and spray at lovw speeds, decreases resistance at plening sneeids, .
improves the high angle stability, and slightly increases the air drag.

Bow 3 a
F e———
BOW 1 — I/
p

(L) Effect of increasing height of bow

L

Increasing the height of the bow decreases the irim, increases
the resistance at low spseds, results in a "dirtier" hull, and has
& small adverse effect on the air drag.
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Stern b

— = _fgss:temg

Bow I—_- - Z":_isern
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(5) Effect of increasing helght of stern

Increasing the height of the stern increases resistance and trim
at speeds below the lhump, decreases the hump speed, and does not
affect the value of the meximum reslistance at the hump. A low stern
runs awesh end requires e highey position of the tell surfacoes.
Increasing the height of the stern hes & large adverse effect on air

drag.

(6) Bffect of increesing angle of déad rise at bow

Increasing the angle of dead rise by dropping the keel line
reduces the low-epeed resistance slightly, results in a large
improvement in cleanness of running, and has litile effect on the

air drag. . :
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(7) Effect of decreasing angle of dead rise on afterbody
Decreasing the angle of .d.ead rise on the afterbody decreases the

trim end resistance at speeds up Yo and incliuding the hump and btends
to increase the clearance of the tall extension.

Bow 1, _ . Stern 2
- Stern 2C

(8) Effect of addltion of third plan_..ng surface

The addition of & third planing surface hag a negligi'ble effect
on the trim and resistance and somewhat reduces the wetting of the

stern.
Bow 1A~ — I ~—"Stern 3

(9) Effect of rounding chines at bow
Rounding the chines at the bow resulis in very noor spray

characteristics in smooth wa.ter and. probably would be impracticeble
in rough water.
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122, Truscott, Starr, and Dewson, John R.: A Comparisoen of the
Results from General Tank Tests of 1/6- and 1/12-Full-Size
Models of the British Singspore IIC Flying Boat. NACA
T No. 858, 1gh2.

A -:é—'-size resigtence model of the hull of the Britlsh Singapore

ITC flying boat was tested in Langley tenk no. 1. The results are
given in the form of chaxts and are compared withr the results of

previous tests made of a ﬁ—siza modsl in Langley tenk no. 1

(abgtrect 150) and with the results of tests made of another %—-size
model of the same hull in the tank of the Royal Alrcrafs Dstablislhment.

When the déta from the testg of the -é~ and -];-size models were

) 12
compared. on the besls of the Froude law of comperison, differences
wore found. This fact supported the belief that the small scale of
the model and .the use of a model that was too small Lo sult the equip-

ment of Langley tank no. 1 had caused the resulis of the tests of the
f—é-size model to be. less.reliable than the results of the tests of

thoe ~é-size model. The results of the tosts of the two models agreed

sufficiently well to show that tects of a2 small modol, if mede
meticulously and with sultebls e¢ulpument, may glive usable results,
but thet a lerger model should be ussd whenever feasible.

The results of the NACA teats of the -J-j—size model wore found
o

to be in good agreecment with the R.AE. tests of a model of the
same s:l_ze.

123. Shoempkeyr, James M.: A éomplete Tank Test of = Flying-Boat Hull
wit}!: a Pointed Step - N.A.C.A. Model No. 22. HACA TN Fo. 438,
o3k, : .

When a conventional hull is planing at high speeds, considerable

resistance is caused by the forebody wele that hits the afterbody.
It was belleved that if a hull were designed with a low dead riseo,
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pointed step, and depth of step mreat enough to prevent the wale of
the forebody from impinging on the afterbody at nigh planing speeds,
the resistance and honce the take-ofi time and distence would be
consldsrably reduced. It was thought thet the air drag of a deep
pointed step, with the chines fair in plan form, would be no worse
then that of a conventional transverse step. NACA modsl 22 was
tested by the “general" resistence method. & take-off calculation
was made and the results were compared with those of RACA model 11-A,
a feir representative of well-designed hulls of the comveuntional
American tymne.

The results of the tests chow that low resistance at hlgh speeds
and light loads has besn realized. The relatlvely high hump resistence
of model 22 dces not appear to be inherent in the deep pointed step
bult seems rether to be caused by the upward curvature of the bubttocks
towverd the bow. The low-speed sLray cheracteristics wers cbserved and
1t was found that the bow blister is heavy and rises Lo & considerable
height, probably also beczus2 of the upward curvature of the bubtocks
near the bow. At high speeds and low angles he model ls very clean
from spray and runs on_y o the fore'body with the sprey onbtirely clearing
the afterbody.

12k. Shoemaker, Jzmes M., and Parkinson, John B.: 4 Cém_ple'be Tenk
Test of & Model of a Flying-Boet Full - N.A.C.A. Model No. 1l.
NACA TN No. 46, 1933.

The limitetions of the conventional tenk test of a seaplane model
ere discussed. The advenbages of a complete test, glving the
characteristics of the model at ell spesds, loa.d.s, and trims in the
useful rangse, are pointed out.

The date on NACA model 11, obtailned from e complete test, are
presented and discussed. The results are analyzed to determine
the best trim for each speed end load. The date For the best trim
condition are reduced to nondimens: ona.l form for ease of comparison
and application.

A practlcal problem using the characterlstics of model 11 is
presented to show the method of calculating the take-off time end
run of a geaplane from these datz.
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125. Parkinson, John B.: A Complete Tnnk Teet of a Model of =&
Flying-Boat Full - N.A.C.A. Model ¥o. 11-A. NACA T No. k70,

1933.

NACA model 11-A wae designod as an improvement over FACL model
11, a complete test of which is described in abstract 12k. In
cantrest with the longitudinal upward curvature in the planing
bottom forward of the mein step on model 11, tho planing bottom of
model 11-A wes maede as flat =8 precticeble. Otherwise, the two
models had very nearly the same form.

The results of towing tests of model 11-A in Langley tank no. 1
over wide renges of speed, losd on the water, end trim are presented,
both as originul test date end as nondimensionel ccefficients. A
comparison is made with similar results from the test of model 1l.

The practical significence of the improvement obteired is demonsirated
by epplying the data from the new form to the illustretive design
problem used in the note on model 1l.

126. Shoemsker, Jemes M.: A Complete Tenk Test of a Model of a
Flying-Boat Bull - N.A.C.A. Model 16. HACA TN No. 471, 1533.

. A model of e two-step flying-boat hull, of the type generally
used in Englend, was tested according to the complete method
described in abstract 124. The lines of this model were taken from
offsets given by Mr. Willlam Munro in "Flight," May 29, 1931. The
data cover the renges cf loed, speed, end trim that may be of use
in applying the hull form to the design of any seeplane. The results
are reduced +to nondimensional form to zid application to design
problems apd to facilitate comparison with the performence of other
hulls.

The water charactoristics of NACA mcdel 16 are compared with
those of NACA model 11-A, which is representative of current
Arpricen practice. The results show that, when the two forms are
applied to a given seaplane design under optimum conditlons for each;,
the performence of model 16 will be somewhat inferior to thet of
mel ll'A.
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127. Dawson, John R.t A Camplete Tank Test of the Hull of the
Sikorsky S-L40 Flying Boabt - Americer Clipper Class.
NACA TN No. 512, 193h.

The results of a complete test in langley tank no. 1 of a model
of the Sikorsky S-h40 flying-boat hull (American Clipper) are reporied.
The test date are given iIn itables end curves. From these dats non-
dimensional coefficients are derived for use in take-off celculations,
and the teke-off time and run for the S-40 are computed. The
computed teke-off time is found to agree substentislly with the teke-
off tlme obtained by the Sikorsky Avietion Go“?oration in performence
tests of the actual craft.

128. Shoémaker, James M., and Bell, Joe W.: Complete Tank Tests of
Two Flying-Bost Eulls with Pointed Steps - N.A.C.A. Models
22-A apd 35. NACA TN No. 50k, 193k.

- The resulte of complete tenk tests of WACA models 22-A =nd 35,
two flying-bost hulls of the deep-pointed-step type with low dead
rise, ars presented. Model 22-A is a form derived by modification
of model 22, the test results of which asre given in abstract 123.
Model 35 18 a form of the sams type ba.t has a higher length-beam
ratio then either model 22 or Z2-A.

Take-off examples are worked out with date from these tssta
and e previous test of a couventional model apovlied to en arbitrary
get of d.esign gspecificetions for a 15,000-pound flrying boat. The
" camparison of these examples shows both pointed-step models to be
superior %o the conven’cipnal form and modeT 35 to be the better of
the two.

Model 35 is applied to a hypothetical 100 ,OO'O-pound. flying boat
of the twin-hull type and performence calculations are made for both
take-off end remge. The resiulits indicate that the high performance
of this. type of hull will enable the designex to use higher wing and
power loddings than are found im current practice, with a resulting
Increese in range and pay load.

129. Bell, Joe W.: The Effect of Depith of Step on the Weter
Performance of a Flying-Boat Hull Model ~ NW.A.C.A. Model 11-C.
NACA TN Wo. 535, 1935. ;

NACA model 11-C was tested in Langley tank no. 1 with four
different depths of step to obtein information as to the effect of



78 D NACA BM Fo. LOHIl

EYDRODYNAMICS
Steady Longitudinel Forces and Moments

the depth of step on the resistence cheracteristics. The depths of
step were selected to cover the practicable range of depths, and in
each cgse the included angle between the fore‘body and afterbody keels

was6-—.
2

The smaller depths of mtep were found to zlve lower resistance
at apeeds below and at the hump speed; the grseter dopths of step
wore found to give lower resistance at high speeds. For low resist-
ance throughout the speed renge of the model investigated, the
most desirsble depth of etep wes from 2.5 to 4.0 percent of the beam.
The change in the best trin caused by varlation of the depth of step
was smell. Increased depthe of step caused increases in the
maximim positive trimming moments st all trims investigated.

130. Bell, Joe W., Garrison, Charlie C., and Zeck, Howard: Effect
of Length-Beam Retio cn Resistance and Sprey of Three Models
of Flying-Boat Eulls. NACA ARR Fo. 3J23, i543.

An investigatlion of the effect of changes in the length-~bevam
ratio of flying-boat hulls on registence and spray wze conducted in
Langley tenk no. 1. A famlly of thres models of hulls of different
length-beam retlos wase used and, in order to maintein comparable
hull sizes, the plan-form arsag of the hulls were made approximately
equal by keeping equal products of length and beam.

The tests were made by the generasl method for the fixed-trim
condition as well as by the specific methed for the free-to-trim
condition. Photographs of the spray were taken during the free-to-
trim tests. Resiastance and trimming-moment data obtained from the
toste were compared over a wide rangs of losds at best-trinm and free-
to-trim conditions. Further comparisons were made by means of take-
off calculations for hypothetical flying boate that ihcorporated the
lines of the models. H -

The spray photographs indicated that at very low speeds the
height of the bow sprasy was reduced by increasing the length-beam
ratio, but at hlgh speeds the height of the spray wes lncreased
8lightly by increasing length-beam retio. It was concluded from the
results of the tests thet by increasing the lengbh beam ratio the
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useful load coefflcient mey be lncressed and that, within the range
of the tests, high lengith-besm ratios will give lcwer hump resistance
and better take-off performance then low length-tesm ratios.

131l. Dawson, John R.: The Effect of Spray Strips on a Model of the
P3M-1 Flying-Boat Hull. NACA TN No. 432, 1933.

Specific resigtance . :tes'bs were made in ILengley tenk no. 1 of

a -é:-size model of the hull and side floa.ts of the Wzvy P3M-1 fiying

boat for the purpose of finding e method of reducing tho amount of
sprey thrown into the propellers of this craft when taking off and
landing. .

The model wes bested without spray etrips and with five different
spray-strip arrangemsnte. The best errangerent was an improvement
over the bare hull with no spray strips. but the improvemsent was
not sufficient to be satisfactory with the propsllers in the designed
position.

132. Allison, John M.: The ¥ffect of the Angle of Afterbody Keel
on the Water Performence of a Flying-Boat Hull Model.
NACA TN No. 541, 1935.

General resistance tests were made in Lengley tenk no. 1 of
NACA model 11-C with the efterbody keel ‘set at five different angles

Q 12
ranging from 22_"7 to 9° (3;— to 10° with forebody ]::ee]); other

features of the hull remsined unchanged. The results of the tests
ere expressed in curves of tesh data and of nondimensional
cosfficlenta.

At the depth of step used in the tests, 3.3 percent beam; the
smaller angles of afterbody keel gave greater load-resistance ratios
at the hump speed and smaller ratios at high speed than the largsr
angles of afterbody keel. Comperisons are mads of the load-
resistance ratios at several othsr points in the speed range.

- The effect of variation of the angle of afterbody keel upon the
take-off performance of a hypothetical £lying boat of 15,000 pounds
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groee weight having a hull of model 11-C lines is calculated, end the
calculations cshow that the craft with the largest of the sngles of
afterbody keel tested, 9°, tekes off in the least time and distenc:,

133. Bell, Jos W., snd Willis, Join M., Jr.: The Effectas of Angle
of Dead Rise and &ngle of Afterbody Keel on the Reaistence
of a Model of a Flying-Boat Hull. NACA ARE, Feb. 1943.

A geries of models of flying-boat hulls was tested in Langley
tank no. 1 to determine the effects of the angle of dead riee and
the angle of afterbedy keel on resistence and SPrey charecteristics.

Three sngles of dead rise, lhi 19°, and 23£ and three angles of

afterbody keel, 4°, Gi s and 8 , wore investigetoed. The tests

included nine conflguraticns incorporating all possible combinations
of these values. The results of the tests are oxpreseed in nmn-~
dimensionel coefficienta.

The effect of angle of dead rise on resisbtance and beat trim
was negligible up to and including the hvumm. AL higher epsods,
the reslstance was roduced by the lower dead rise asnd incroascd by
the higher dead rise. Thesce differences, however, were relatively
small.

At small angles of efterbody koel, the resistence was low at
low opseds and high at planing spesds. The posltivs trimming moments
were reduced by reducing ths angle of afterbody keol. High angles of
afterbody keel gave a higher best trim at the hump end at planing |
gpeeds.

The effects of engle of afterbody leel were consistent at all
angles of deoad rise end tho offects of dead rise were consistent
2t all englos of efterbody keol.

13%. Baker, G, S., and Keary, E. M., in Conjunctiom with Cspt.
Gundry end Iisut. Backforth: Xxperiments with Full~Sized
Machines. First Series. R. & M. No. 473, British A.C.A., 1919,

Tests wore made of a full-eize flying boat having a gross weight

of K000 pounds and the results of the tests were compared wlth those
of a model of the hull mede at tie William Froude National Tank,
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Porpolsing tests were made by noting the trim and behavior of
the flying boat during accelerated runs with various.flxed elevator
deflections. Porpoising tesis were also made ab overloads of
4650 and' 4850 pounds.. The flying boat was sble to teke off at all
loads tested. The resistance was determined by towing the £lying
boat fram a destroyer at varlious speeds. The Tlying boat was taxied
at several englne speeds, and the speed and trim were meapured.

. The results of the tests show that the resistance and trim
predicted from model tests were reasonsbly close to those of the
full-size flying boat up to about one-half the flying speed, that
the change—over from ploughing to planing conditions took place at
corresponding speeds, and that the general behavior of the full-size
flying boat was the seme ag that predicted from the modsl.

135, Baker, G. S., and Keary, E, M.: Experiments with Modsl Flying
. ‘Boat Hulls and Seaplane Floats:. Nineteenth Serles.
" Possibility of ILioading a Flying Boat, the Beam and Angls of
Forebody Being Varled. R. & M. No. 655, British A.C.A.,
1920,

~ Specific free—to~trim tests were made at the William Froude
Netional Tank of seversl models having different Torebody besms to
. determine the effects of gross load and beem on resistance and
. seaworthiness characteristics. ' '

) For a glven beam ingreasing the gross load increased the
hump speed slightly. With increasing gross load the load—
resistance ratio increased &t speseds less than and decreased at
speeds greatexr than hump speed, and the trim decreased at apeeds
less than and increased at speeds greater than Immp speed.

For a given gross load incrsasing the beam decreased the hump
speed, increased the resistanceo at and less then hump speed, and
increased the trim. At high plening speeds increasing the beam
increased the resistancse. ’
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Varying the width of the rear step had 1ittle effect on the
resistence characteristics. Increasing the angle between ‘the
forebody and afterbody keels increased the reslstance and the
helght of the bow spray.

The divieion of the total load and reslatance beatween the
forebody and afterbody of two models was determlned at hump speed
and at a planing speed. The afterbody contributed only 2 small part
of the total resistance, and hence the iIncrease of resistence with
increase of angle between forebody and efterbody keels was ceused
by the increase in forebody resistance. The losd-resistance ratlo
of the afterbody wes greater then thLat of the forebody.

A descriptlon of the towing gear and method of testing is
given in an appendix. Conversiom of model dato to full-slze results
is discussed. '

136. Truscott, Starr: Experiments with Models of Edo Float Model P
and Seversky Float (Seversky 3213). WACA MR, Rep. No. S-1,
Nov. 2k, 1931.

Specific fixzed-trim end free-to-trim resistance tests wers mede
of two models of floata supplied by the EBdo Adircraft Corporetion.
HACA model T.is one of the standard forms made by Edo Alrcraft
Corporation, the performance of which is well lmown. The model of
the Seversly float, NACA model 8, is a special design intended for
use on & twin-float amphibian sesplane of high speed. A retraciteble
wheel is fitted in a centrsl well in the Seversky floet. This
location is intended to avoid the water resistance of the immersed
wheel while taking off and algo the air resistance of the wheel
while in flight. The well is open at top end bottom. Tests were
also made on model-7 with a central woll. Test daita snd results
are presented in the form of tablea and curves.

137. Baker, G. 5., end Keary, BE. M.: Experiments with Models of
Flying Boat Hull. Sixteenth Series. R. % M. No. L72,
British A.C.A., 1319. ' '

Specific free-to-trim resistance tests of models of two flying-
boat hulls having a gross weight of 32,000 pounds were made at the
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William Froude National Tenk. The two models wers the N.U and one
designed by the Gosport Avietiorn Company, Ltd., wlth modifications

to improve the resistance cheracteristice. As it wee desired To
determine whether the spray would hit the propellers of the N.k, the
model was fitted with skeleton wings and wire rings simmlating the
propeller disks and observations of the spray wore made at low speeds.
A discusslon is glven of the design of the wing-tip f£loats of the
Gosport fliying boat for the conditions of planing at high speed in
waves and riding &t asnchor in & cross wind.

138. Beker, G. S., :nd Miller, G. H.: Experiments with Models of
Hydro-Aeroplane Floats. Second and Third Series. R.& M.
No. 98, British A.C.A., 1915.

Second Series

A description is given of the towing appavstus of the Williem
Froude Nationel Tank &8s modiflsd to allow the detsrminetion of
trimming moment.

Specific resistance tests at 6° trim were made of a series of
Ploats in which the angle of afterbody keel was veried from -5°
to 12° with respect to the forebody keel. In order to keep the
total buoyency approximately constent, the sides of the afterbody
were swelled out =2s the aPfterbody keel was reised. Step ventilastion
by means of eir holes from the gtep to the deck of the float
decreased the hump in the power curve. Ventilation should be
concentrated neear the keel. The effects on resistance of varying
the trims of a single float and the spacing botween btwin flozts were
investigated.

Third Series

Specific resistance tests at 6° trim were mede of single floats
that have the same length and double tho breedth as thoss of the
second series. One Tloat had a flat bottom, and the other three floats
had tunnel forebodies. The lesst power was required by the flost with
a tunnel forsbody, and the hump power wag ebout the same as that of a
pair of one of the floats of the sccond series.

Wind-tunnsl tests were made of one of the floata of the second
gseries.
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139. Baker, G. S., and Miller, G. H.: Experiments with Models of
Hydro-Aeroplene Floais. Fourth Series. R. & M. No. 99,
Britieh A.C.A., 1915.

Specific fixed-trim resistance teste of several models of two-
step floats were mede at the William Froude National Tank. A
rounded bottom was found to be more efflcient than a f£lat bottom
{(not curved trensversely) and hes the rdvantege of being stronger
and more favorable for easy lending. DIlagrans showing the trimming
momont about the center of grevity of the seaplane foir various
positions of the floats relative to the center of syavity and the
method of constructing the diagrems are given.

140. Baker, G. S.: Experiments with Models of Seaplane Floats.
Sixth Series. R. & M. No. 165, British A.C.4., 1919,

Specific resistance tests were mede at the William Froude
National Tank of several models of floats for three-float sesplanes.
The tail float wes the same for all models. The models wers run
free to trim at speeds up to hump speed when the tall float ceame
off the water and the models tended to oscillate In pitch., At
speeds greater than hump speed, the models were rum at a fixed trim
of 6° with the tail float out of the water.

A toboggen or flat-bothomed stepless float requires slightly
less power at the hump and more power st high speed than a boat-
shaped float. 'The boat-shaped form of float is the stronger. The
toboggan type has been abandonod by hydroplene designers.

1kl. Beker, G. S.: Exporiments with Models of Seaplans Floats.
Seventh Series. R.& M. No. 166, British A.C.A., 1919.

Speclfic resistance testas wero made st the William Froude
National Tank of several models of floats for eingle-float seaplanes.
The modols were rim free to trim at low speed. At high speed the
models wore balanced until they ran with both steps in the water.

One model with a single step was tested at hizgh speed at two fixed
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trims. The trims were such that the tail was in the walter in one
cagse and out of the water in the other case. The reaistance with
the tell cut of the water wes less then the resistance with the tail
in the va.ter.

Some tests were made at one high sPeerl end various ftrims. All
the models with two steps showed e pronounced increase in resistance
et trims at which the two steps were in contaect with the walter and
another increase in resigbtence at trims a.t WhiGh the btail was in
the water.

142, Baker, G. S., and Bottomley, G. E.: Experimsnts with Models
of Seaplane Floats. Eighth Series. R. & M. No. 137,
British A.Cc.’in’ 1919. I ’

. Specific resistance tests were made at the Williem Froude
National Tenk of ssveral models of seanlane floats having a largs
beam over the chines compared with the width of the msin body of the
Float and & long efterbody. The sffect of txrim on reslstance at a
high speed was determined for two models. When the afterbody wes in
the wabter, the resistence increased with incvrecoing trim.

A modsl with a nerrow beasm had less resisbtance at moderate
speeds and & higher hump speed than one with & wlde beam. The
resistance of a stralght V-bottom was less than that of a curved
V-bottom with chine flare. The model with the straight V-bobtom
threw large blisters of sprey, wkich were not thrown by the model
with the curved V-bottom with chinée flare. An afterbody with a flat
bottom had less resistence than one with & convex curved botiom;
more water clung to the sides of the curved bottom. Strips on the
Torsbody bottom gt the chines reduced the amowmt of spray and had
little effect on resistence.

periments with Models of Soa-

ih3. Baker, G. S., end Keary, E. M.: E .
. R. & M. No. 189, British A.C.A.,

plane Flosts. Tenth Saeries
1919.

Spocific tank tests of modsls of several Lypes of main floats
- for three-float seaplapes were made at the Williem Froude National
Tenk. Adding horizontal strips to. the sides at the chines reduced
the resistance at hump speed. One model was tested at two values of

SIS
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gross welght. The maximum effective horsspower increased approxi-
mately with the gross welght.

1hki. Baker, G. S., and Keary, E. M.: Experiments with Models of
Seaplane Floats. Eleventh Seriea. Parts I and II.
R. & M. No. 300, British A.C.A., 1015,

Pari} I

Specific free-to-trim resistance tests were made at the
Willism Froude Wetional Tonk of three models having the some
length but differen’ beems (relstive beams of 1, 3/k, end 1/2).
The trimming moment due to propelleor thrust was similated.

For all the models, the hump speed increwsed. and the load-
resistance ratlo at the hump decreased wiiti increasing mross loed.
For a given gross load the hump speed sné the hwnp resistence
incressed and the ratio of hump speed to get-awey szoed decreased with
Increasing get-away speed. The model with the nervaivest beam had the
lowest reslistance at low speeds and the highest humnp speed and hurp
resistance. This model also had =2 tendency to oscillete in heel
in the region of hump spesd. Moving the center of grevity forward
had little effect on the resistunce bubt with the heavier loadings
-oeused the floats to be extrsmoly dirty at lpw spoeds.

Part IX

Tests were made to determine a wmodification of the float with
the largest beam that would eliminate or reducc the heavy wetting
of the tail at low speeds. The most sebiefuctory modification,
from the point of view of wetiing end resistence, was one heving a
transverse second step and = low dead rige toward the tail.

k5. Baker, G. S., and Keary, B. M.: Experiments with Models of
Seaplane Floats. Twelfth Series. R. & M, No. 412, Britigh
A.C.A., 1919.

A new method of towing is deseribed in which the model pivots

about the center of gravity but is towed frﬂm a point corresponding
to the lins of thrust.
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Specific free-to-trim resistence tests were made at the Willliem
Froude National Tank to develop a float having a short forebody end
no tall aft of the second step. Tests were also made of three floats
with various plen forms of the efterbody. The effect of varying ‘the
fore and aft position of the center of gravity was investigeted; &
forward position resulted in porpoising at low speeds, and & more
forward position resulted iIn dlving at low spesd and Increased bow
spray. One form of float was tested at various loads, snd tue
trimming moment required to produce diving et low Speeds was
measured; thils test showed that overloading would cause the float to
dive. Some landing tests were made but were not considered to be
strictly appliceble to the Pull-size seaplane. )

ik6. Baker, G. S., and Keary, ®. M.: Experiments with.Models of
Seaplane Floats. Sevonteenth Series Report. R. & M. No. k83,
British A.C.A., 1910.

Specific free-to-trim registence. tests were mais at.the Willlam
Froude Naticnal Tank of models of the hulls of Tarious flying boats.
Modifications were made to ons of the models to lmprove the
resistance characteristics. Tn nearly every cese the application of
a bow-down trimming moment brought on violent pitching oscillations,
and in soms cases & lsrge stalling moment also brousht on insitablility.
The limits of moment for stable running sre given for two of the
models, Changing the stsp on one model from a straight transverse
step to various degrees of V-step glightly increased the resistance
at high speeds and-increased the heilght of the bow spray-

1¥7. Truscott, Starr: Further Teats of Model of Glenn L. Martin
Compeny Flying-Boat Hull - Modeli No. 130. HACA MR, April 11,
1933.

Specific fixed-~trim end free-to~trim resistance tesis were msde
A
of & 5~size model of the Glenn L. Maxtin _flﬁng—'boa:’a hull to debexmine

8
the effect on resistence of Pitting corrugations on the bottom of
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the hull to simmlate corrugated structural bottom plate. In one
case ‘the forebody was fitted with corrugations from well forward to
the mein step; in the other case the corrugations extended from well
forward to the main step end from the main step to the second step.
The data ars tebulated end plotted and a complete set of spray
pictures 1is included.

143. Carter, Arthur W.: General Free %o Trim Tests in NACA Tenk
No. 2 of Three 1/8-Full-Size Models of Flying-Boet Hulls
at Low Speeds ~ NACA Models 116E-3k, 120R, and 143.
NACA MR, Bur. Aero., Jan. 19, 1943,

Tests of representative models of thres flylng-boat hulls weore
made to determine the resistance at low speeds both Forward and
agtern. The modsle were tested fres to trim by the generel method
and readings were mede of the trim, draft, resistance, and spoed.
These data wers requested by the Bureau of Asronautics for use in
solving problems involving the hull resistance of a towed or a
drifting flying boat.

149, Locke, F, W. S., Jr.: Genercl Reslstance 'I‘ests on Flying-Boat
Hull Models. NACA ARR No. LB19, 19kk.

This report reoxamines mown procedures for handling “general"
resligtance testing an flying-boat hull models, with perticular
reference to seving itesting time and to improving the usefulnese of
results to the designer.

- It is concluded that the following relationships for collapsing
the dete from general resistance tests will provide satisfactory
accurecy for all loads within practlcable limits and that their use
permite a conslderably lerge reduction in the number of teste required,
besides presenting the resulis in a simple form for ready use:

1. For the displacement range of speeds, using free-to-itrim

tests with the longitudinal center of gravity loce.ted. to provide
proper trim in the planing range

e
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2. For the plening range. of gpeeds, using fixel-trim tests
and meking trim a nerameter

V7o = ¢ (o)

where Cp, Cp, and CV are coefficients of iesistance s loed,
and speed, respectively, based on Frgud.e‘s lemy.

150. Dawson, dJohn R., and Truscott, Starr: A General Tenk Test of
a Model of the Hull of the Brlitish Singapore IIC Flying Boat.
NACA TN No. 580, 1936. :

A genersl resistance teat was mads in Langley tenk no. 1 of
-3 l—g-size model of the hull of the British Singspors IIC flying boat

lent by +the Director of Research, British Alr Ministry. The
resulis are given in charis and are compared with the resulits of
tests of a model of an Amsrican flying-boat hull, the Sikorsky S-40.
The Singapore hull has a greeter hump resistance but = much lower
high-speed resistance then the S-40. The reswlte of the tests are
also compared with the results from tests of e same model that
were mede in the British R.AE. tank, apd the agreement is found to
be good when sufficlent dsts were avallable tc be conclusive.

151. Dawson, John R.t & General Tenk Test of a Mcdel of the Eull of
the P3M-1 Flying Boat Inciuding a Specilal Working Chart for
the Determination of Full Performance. RACA T No. &31, 1938.

The resulbts of & general resiestance test of = —:'—:-size nodel of
B

the hnll of the P3M-1 flying boat (MACA model 13} are glven in non-
dimensional form. In addition to the usual curves, the results are
presented in & new form (working charts) that mekes it possible to
apply them more conveniently than in the forms presviounsly uscd.

The resistence was comparsd with that of MACA models 11-C
and 26 (Sikorsky S-40) and was found to be gonerally lesa than
the resistance of elther.
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152. Dawson, John R.: A General Tank Test of N.A.C.A. Model 311-C
Flying-Boet Hull, Including the Effect of Chenging the Plan
Form of the Step. NACA TN No. 538, 1935.

Tests were mede of NACA model 11-C {model 11-A with improved
bow lines) to determine its resistance charscteristics with verious
plan forms of the step. The veriations lncluded a transverse step,
three angles of V-step (15°, 30°, and 43°), and three angles of
swallow-tall step (159, 309, and 45°). The steps were so arveanged
thet the average depth of step was equal to that of the transverse
step.

The water reeisteance of model 11-C with the trensverse step wes
greater then that of J1-A for all loads at the hump, but there was
little difference in the high-gpeed resistance of the two models.
With the exception of the 459 swellow-tail step, which was impracti-
cable because of the small depth of step at the keel, the swallow-
tail step and the V-step 4i1d not greatly affect the resistance
charactoristics measured in the tenk testa.

a7

~—._..../L.

V-gtep

<

Swallow-tail step
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153. Davidson, Kemneth S. M., and Locks, F. W. 5., Jr.: General
Tank Tests on the Eydrodynemic Charscteristics of Four
Flying-Boat Hull Models of Differing lLength-Beam Ratio.
NACA ARR No. LF15, 19kh.

The main purpose of this report is to present the results of
" general” tests on the hydrodynemic cheracteristics of four related
£lying-boat hull models of differing length-beam ratio E/B (5.07,
6.19, 7.32, 8.45). The length-beam retio was altered by expanding
the forsbody end afterbody lengtls in the same ratio and without
chenging step height or afterbody keel amngle. The load program Wes
evolved from & relationship in which gross load coefficient CAo

wag proportional to (L/B)3. The results were commarsd on the basls
of constent beem end comstant length-beam product.

In genéral it has been found that increasing the length-bzam
ratio : E '

(1) Helps the hump resistence and trim but shifts the hump fo
highsr speed _ ' _

(é)-,Eeips the high-speed ;'esistailce

(3) Injures the steble rangs of trim angles

(4) Towers the height of mein spray blister

(5) Reduces the bow spray at texying speéd.s in rough wabter

(6) Tnjures the yewing stability slightly, though not meterially
altering the speed ranges Ffor-the verious types of yawing
gtability _ _ ‘ : .

It is believed that the beam loading carnot be increased as
rapldly a8 in proportion to the cube of the length-beam ratio with-
out importent sacrifices in respect to one or more of the principal
hydrodynamic characteristics: resisbtance, porpoising, or maln sprey.
A rate proportional to the Bquers of the length-beam retic eppears '
to be more nesrly the meximum possible.
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154. Parkinson, John B., Olson, Roland E., and House, Nufus 0.:
Eydrodynsmlc and Asrodynsmic Teste of a Femily of Models
of Seaplane Floats with Varying Angles of Desd Rise .-
N.A.C.A. Models 57-A, 57-B, end 57-C. NACA TN No. 716,
1939.

Three models of V-pottom floa.ts for twin-float sesplanes
(NACA models 57-A, 57-B, and 57-C) having sngles of desd rise of
20°, 259, and 30°, respectively, were tesbed in ILaagley tank no. 1
and in the lLengley 7- by 10-foot tunnel. Witkin the range investigsted,
the effect of angle of dead rise on water resistence wes found to be
negliglble at speeds up to and Including the hump szpeed, snd water
registance was found to increase with engle of dead rise at planing
spoegda. The height of the spray at the hump apeed decreased with
increase In sngle of dead rise and the aevodynamic drag increased. with
engle of desd rise.

Lengthening the forebody of model 57-B decreased the waber
registance end the spray at speeds boelow the hump sneed. S_pray stilps
provided an effective meens for the control of spray with the straight
V-sections used in the serles butb considerably increased the eero-

dynamic drag.

Charts for the determination of the water reslstance and the
static properties of the model with 25° dead rise and for the aero-
dynamic dreg of all the models are included for use in deosign.

155. Dawson, John R., and Hortmen, Edwin P.: Hydrodynamic and
Aerodynemic Tests of Four Models of Outboard Floats (N.A.C.A.
Models 51-A ’ 51-3, 51-C, and 51—]3) NACA TN No. 673, 1038

Four models of wtboard. floats (NACA models 51-A, 51-B, 51-C,
and 51-D) were tested in Langley tank no. 1 to determine tholr
hydrodynamic characteristics and in the Langley propaller-research
tunnel to determine their aercdynemic dras. The results are compared
. and pressented in the form of charts. o

The tank data indicated that:
(1) For minimm spray from the float or for minimm angle of

heel of the seaplene, the plening surface of the float should have a
wlde stern and =2 low dead rise.

-
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(2) The inclusion of a step, or other scuivalent discontinulty,
with a properly formed afterbody allows the use of s wide plening
surface wilthout sacriflcing performence in the drifting conditliom.

(3) The greatest structural losds will be obtained from the float
with the most effective planing surface. ’

The wind-tunnel éate indicatved thabd

(1) Tae float that msy be set with ite chines most neerly in
line with the direction of flight in cruising is likely to be the
best float from considerations of air drag.

(2) All chines or other sharp intersections in the cross
sectlion should be avoided except whore they are definitely necessary

for hydrodynamic reasons. :

(3) In order to obtein low eir drag, 1t is desirable that the
angle of float setting be as small as praciticabls.

156. Parkineon; J. B., and Eo:se, R. 0.: Hydrodmemic end Asrodynamic
Tests of Modsle of Floate for Single-Float Sesplanes -
N.A.C.A. Mogels 41-D, 41-E, 61-A, 73, and 73-A. NACA TN Ko.
656, 1938. : S

Tosts were mads in Lengley tank no. 1 and in the Lengley 7- by
10-foot tunnel of two models of trensverse-step floats and three
modele of polnted-step flozts comsidered to be suiteble for use with
single-float seaplanes. Thae models were designed at lLengley tank
no. 1 ag part of a program establisked to reduce the waber resistsnce
and gpray of single-flost seenlanes withoul reducing the engle of
" dead rise believed %o be necessary for the sabisfactory absorption

of the shock losads. . :

The form of NACA model 41-D is similer to that of the Navy Mark V
float (MACA model 41-A) but has more graduel fors- &nd aft-curvaturs
of the bubtock lines noar the steps and a lower angle of afterbody
keol.

TACA model L1-E is a modification of modsl %1-D, the rear step

having been eliminated. HACA model €1-A has a vointed step with a
horizontal efterbody simllar to NACA model 35-B. NiCh model 73 is
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a refinement of the pointed-step form, in which a falring hes been
fitted abuve and behind the atep. NACA model T3-A is . e modification
of model 73, the chine being wider and higher near the bow for
greater peaworthiness in rough water.

All the models were tested in the lLangler tank free to trim &t
one grods loed. The results indicated that all the models have lezs
resistence and spray than the model of the Mark V float and that the
polnted-step floats are somewhat superior to the transverse-step
floats in thess respects. Models L1-D, 61-4, end 73 were tested by
the general method over a wide range of lozde ani speeds; the results
are presented in the form of curves and charte for use in design
calculetions.

The aerodynamic drag of the models was determined in the Lengley
T- by 10-foot tunnel at angles of pltch from -100 to 16°. Models
61-A snd 73 have the lowest minimm dvag coefficient end rmodel T3-A
hag the higuest. The difference between models. ¥1-D and 41-E 1=
negligible. The fairing of the pointed step had only a smell effect
on the water resistence and asrodynamic draeg.

157. Truscott, Starr, Parkinson, J. B., Ebert, Jom W., Jr., end
Valentine, T. Floyd: Eydrodmemic end Aerodynemic Tests of
Models of Flying-Boat Eulls Designed for Low Aerodynamic Drag
- N.A.C.A. Models Th, 7h-A, and T5. NACA TN No. 663, 1933.

NACA modsls Tk, Th-A, and 75 were tesbed in Langley tank no. 1
o determine thelr hydrodynemic properties and in the Lemgloy .
propeller-research tunnel to determine their aerodynemic proparties.
The forms of theseo models were derived from the fomm of a solid of
revolution having a low sir drag, end the depsrtures from the form of
this low-drag body were tho minimum comsidered to give satisfadtory
take-off performance. Model Th haes a rounded bottom with flored
chines, & traneverse step with s emall fairing sft of it, and =
pointed afterbody. Model Th-4 has the same form except for the
removal of the fairing aft of the step. Model 75 hee a pointed siep
end a horizontal efterbody derived from the form of the NACA modol 35
sorlaes.

General free-to-trim end fixed-trim resistencs tests were nadeo

in the tenk and the data are presented in the Torm of resistence and
triming-moment coefficient agminst trim. The wind-timnel results
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are given =s drag coefficient agalnst trim. The take-off,
performances of models Th-iA and T5 are compared by take-off
calculations for a hypothetica.l geaplisne having 250 ,000 pounds
&ross welight. .

When compered on the basls of eguel volumes, each of the models
has e lower aerodynemic drag than any model of a conventlonal hull
tested in the propeller-research tunnel. Model Th-A hes lower dreg
than model 75 but model T5 has lower resistance st high speeds on
the water snd better tauke-off performance for the hypothetlcal sea-~
plene investigated. The aercdynamic refinemsnt leads to high water
resistence at certain combinations of trim and load, bubt satisfactory
take-of f performance can be asttained by proper control of the trim.

153. Ward, Kenneth E.: Hydrodynamic Tests in the N.A.C.A. Tank of
a Model of the Eull of the Short Ca.lcutta. Flying Boat.
FACA TN No. 590, 1937

The resistance characteristics of a model of the hull of the
Short Calcutta (NACA model L7) are presented in nondimensional form.
This model represents one of a series of hulls of successful foreign
and damestic flying boats, the characteriatvics of which are being
obtained under similer test conditlons in Lengley tarnk no. 1.

The take-off distance and tims for & flying bost having the hull
of tue Calcutte are compered et two valuss of the gross loed with the
corresponding distances and times Ffor the seme flying boat having
hulls of two representative American types, the Sikorsky S-40 and the
WACA 11-4. This comperison indicates that, for hulls of the wldsly
different forms cczrma.red., the differences in talwe-off time and distance
are negligibis. .

159. Oison, Roland E., and Lina ; Lindsay J.¢ Ez,rdrodyne.mic Tosbs of
& 1/10-Size Model of the Hnll of the Laiécodre 521 Flying
Boat - NACA Model 83.° NACA. TN No. 836, 19k1.

A 1]-‘0—-size model. of the hull of “the French flying boat Latdcodre 521
wes tested without stub-wing stabilizers Iin TLangley tank nc. 1.
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Tests were mede with and without the tail extension to determine
the effect of the tail extension on the hydrodynemic forces and
moments. .

Free-to-trin resistance tests were made at the design gross load
(gross losd coefficient of 0.423) and general resistanco tests were
made at load coefficients from 0.02% to Q.6. The spray character-
istics of {he model are good. 'The foim of the bow would be
perticularly desirable for rough~water use. The Interference of the
" afterbody and the taill extenslion is excessive mnd casuvses very hich
resistance at high speeds. A violent vertical instability is
present at trims of 40 and 60 with light lozds and high speods.

160. Eula, Antonio: Hydrodypamic Tests of Models of Seaplane Floats.
NACA ™ No. 770, 193%5.

Results of tank tesbs cexried out free to trim on seventeen
hulls end floats of various tynes are presented. The data on the
welght on water, trim, and relaotive resistance for each modol are
plotted nondimensionally snd axrs referred botin to the total weight
and to the welsght on the water. Despite the fact that the experi-
ments were not made systematically, a study of the models and of the
test data peormlis some general deductions regaxding the forms of
Ploats and their rreslstence. One specific conclusion is that the
best models have & maximm relative resisbance nol exceeding 20 per-
cent of the total weight.

161. Blaeden, D. H.: Method of Computing Corresp Speeds, Loads
and Resistances of Planing Bodies. Rep. No. 839, Edo Air-
craft Corp., Dec. 23, 1GhlL. :

A method is developed by which a given take-off resistance
curve may be used to extrapolate any desired resistance curve with
different teke-off conditions. The wave-making resistance is

neglected and use is made of the planing relationship A/Ve where A
is the load on the walter and V 1s theo speed. The regular taeke-off
equations are handled by making trigonometric substiitutions. The
method has been checked and a correction factor has beon formlated
which adequately corrects errors occurring at the lowor speeds.
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162. Locke, F. W. S., Jr.: Preliminary Resistance Teste in Shallow
Weter of a 1/30-Scale Model of the Hull of the XPB2M-1
Flying Boat. Rep. No. 193, Stevens Imst. Tech., Sept. 1, 19hk2.

. |
Freo~-to-trim resistance tests were mede of & é—'o—size modsl. of

the hnll of the XPB2M-1 Flying boat by the "specific" method in depths
of water renging fram depth-beam ratios of 0.46 to 1.85 and over a
speed rangs correspanding to values of speed coefficient CV' from 0.8

to 3.0. A few tests of the same type wexre mde at a d.epth—'beam ratio
of 0.37 in the viciniiy of the hump.

It wes found that the teke-off time of & modern, heavily loaded
Tlying boat will not be seriously affected by shallow water, provided
the depth of water is not less then the hull beam. ITesser depths
have an adverse effect, in general, though in the region of the tiue
hwap e depth of about one-naelf the 'beam results in soms improvemsnt
in resistance.

The tests indicated that, if the idea of basing flylng boais
on very shallow water were to be considered seriously, attention
should be directed to developing & hull which is @ble to get over
the hump without water clinging to thne efterbody sides and tail comse,
thus eliminating the peak in the resisbtance curve before the true hump.

163. Dawson, John R., end Wedlin, Kenneth L.: Preliminary Tank Tests
with Plening-Tail Seaplsne Eulls. NACA ARR No. 3F15, 1gk3.

Preliminary tests were made with simplified models of two types
of hull having & single main planing surface combined with after-
planing surfaces that were fitted to tail booms.

The type of hull with twin-tail booms car be arranged In such a
menner that the air drag probebly could be made lower then that of
the equivalent conventional hull, although.water resistance would be
increased. The structural problemns inherent in tie errangement,
however s may be pronibi’cive. :

The type of hull with & single tei1l boom 13 fcnmd +o give lower
resistence than conventional ‘;ulls and to have dest rebls trim
characteristics. Indicatlions are that the sta‘bili’bv cha.racteris vics
would be satisPactory.
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Hulls with planing talls have high trims at rest, have leas
room for useful load aft of the centor of gravity than conventional
hulls, and introduce restrictions on the types of tail surfaces that
may be used.

164, Fuller, Dell: Report of Resistance Tests of 10.5 L/B Ratio
Hulls and Comperison with DVL Family. Reyp. Ro. ZH-019,
Consolidated Vultee Aircraft Corp. E Moy 22, 194hk.

This report summarizes the results of tests of three flying-
boat hulls with length-beam ratio of 10.5 tested at Langloy tenk
no. 1 and reported in sbstrect 167. The take of f time of & hull
with a length-beam ratio of 10.5 was compered with the toks-off tlme
of other hulls of the DVL family end 1t wee found that by holding
the beam constant and varying the lengith the lowest take-off time
would occur at a lengthi-bean ratlo of 9.

165. Lend, Normen S., Bidwell, Jerold M., end Goldenbaum, David M.:
The Resistence of Three Series of Flying-Boat Eulls as
Affected by Length-Beam Retfo. HACL ARR . No. I15G23, 1945,

Date obtained from several independent length-beam-retic inves-
tigations were correlated in order to determine the general effect
of length-beam ratio on the resistance characteristics of three
series of flying-boat hulls. The study involved length-beam ratios
ranging from 5.07 to 10.5 for a large range of lesding conditions.
Analyses were made at the best-trim hump, the free—to trim hump,
and a high- sueed. condition near get-away.

Comparisons were m&de by uee of ceoefficients dbased on beanm,
length-beam.product, and length®-beam product; the bases for these
coefficlents are those most commonly given in the verious sources of
information. An optimm length-beam ratio was found beyond whichk no
further reduction in hydrodynamic resistence ococurred. This optimum
varied with the hull lines of +the geries,
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166. Bell, Joe W.: Resistance Tests of a 1/40-Size Model of the
Hull of the HK-1l Cargo Airplans, NACA Model 155. NACA MR,
Dept., Commerce, Jan. b; 1943.

Gensral fixed-trim and free-to-trim resistance tests woere made
on a -l%o-size model of the HE-1 cargo airplans. Because of the small

gize of the model and the Aifficultiss of testing it by use of the
relatively large and heavy esquipmsnt, the results of the tank tesis
should be considsred preliminary. Two take-off calculations wore
made with the hull assumed to bs in the fres-to-trim condition up
to 60 and 70 feet per second , respectively, and at precision trim
(trim for lowest eir-plus-water resistances to get-away.

The chinss of the afterbody of ths origlnal modsl did not pro-
vide a break sherp snough to prevent the water from flowing up the
sldes and along the tail exteonsion. The addlition of chime flare to
the afterbody improved ths .flow and ceused marked improvements in the
trim and reslgtance characteristics. The spray from the bow and the
sldes of the foresbody appeared to bs satisfactory both beiors and
after the modification of the afterbody.

167. Bidwell, Jerold M., and Goldenbeim, David M.: Resistance Tesbts
of Models of Thres Flying-Boat BHulls with a Length-Beam
Ratio of 10.5. NACA ARR No. L5G19, 1945.

Models of thrse flylng-boat hulls, cach with & length-bsam ratio
of 10.5, were tested at Langley tank no. 1. The lines of these modela
wore dsrived from the DVL standard seriss. The thrss models permitied
tegts with two depths of step and two angles of dezed rise. Resistance,
trimming-monment, and wetted-length data were cbtainad from gomsral
fixid-trim and free-to-trim tests at load coefficients ranging up
to 4.0, ' .

The results showed that these three modsls had low hydrodynamic
resistance at high load coefficients. At the frou-te-trim hump, load-
resistance ratios of 4.5 and 3.9 were attained at load coefficients
of 1.5 and 3.5, respsctively. Increasing the angls of dsad rise,
excluding chine flare, from 20° to 2k.5° tended to incrosss the
reoglstance and trimming moments at planing spsods. Changing the dspth
of step from 5 to 10 parcent boem had little effect on the resistance.
With conventional nacelle losatlons, excessive spray would snter ths
rropeliers at load cosfficisnts over 3.0.

-~
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165. Goldenbawm, Devid M.: Resistance Tests of Two Modelz of Eulls
for & Large Flying Boat (NACA Models TTE-1 and TT7E-A).
NACA MR, Bur. Aero., May 23, 194h.

General and apecific resistsnce tests of two models of Piying-
boat hulls, alilke in sll raspects except beaw, were mede o deltermine
the effect upon resistance end spray of refairing the lines of & hull,
increasing the bweam, increasing the length, romoving the teil extension,
and applying a thrust mowment and stev venhtilation.

The reslstance of the wax-altered foxm was round 4o be less than
that of the.reproduced medel. Increasing the beanm 3 ~ercent had no
significant effect on the resistance. Increacing the forebody length
21 vpercont merkedly improved the low-speed resisltence and rough-
water spray characteristics. The removal of the tnil sxtension
Increased the hump trim snd thereby increased tie Hump rosistence.

10 '
Thrust moment reduced the meximum trim at the hnmp about g and the

hump resistance sbout 5 percent. Step ventilation eliminated the
pre-mmp dlscontinnity in the rosisbtance-speed curve ond apprecisbly
reduced the megnitude of the rezistance in thet rogion.

169. Coombes, L. P,t Scale Effect in Tenk Tests of Seaplane Models.
Proc. Fifth Int. Cénz. Appl. Mech. (Cerbridge, Mass., 1333),
Jahn Wiley & Sons, Inc., 193¢, pp. 513-519.

Evldence of scale offect obzerved during tests of models in the
Seaplens Tank at the Royal Alrcreft Establishment is described, Fnll-
Becale datae were obtainsd from the Marine Aircrafit Experimental
Establishment at Felixstowe. The evidence was consldered under threce
headings: resistsnce, stability, and spray foxmation.

In bwo ceses where model snd full-zpcale resulits wews commared.,
the modsl tests showsed lower resistance +them the full-scale tests
but in other casgs this phenomenor did not exist. UYhe small models
were belleved to have been omerating undseyr lmwinasr-~ilow conditions,
whereas the full-scale conditions were undoubtedly turbrleut. With
buoyant forces in the high-speed region considered constant, it was
found that larger models, wlth subssquently highor Heynclds numbers,
could be tested throughout the speed range by plotting the resistance
as a function of A/V2 whers A is the load on the wator and V is
the velocity. This method allows a reliable extropolation of data to
apoeds beyond the limiting speed of the cerriage.
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The technigue emmloyed in stebility tests at the R.AE. 18
described briefly. Tack of agresment in results of stabillty between
the model and full-scale seaplane is thought to be due to the
differsnce in testing procedure and to such factors as slipstream
and roughness of the planing bottom.

Scale effect on spray is dus largely to surface tension -~ in
the case of the model the spray comes off in sheets, wherees on
the full-scale airplene the spray ls well broken up.

170. Schmidt, Rudolph: The Scale Effect in Towing Tests with Airplane-
Float Systems. NACA TM No. 926, 1937.

. A three-component balance Installed on actual alrplenes for the
purpoge of testing full-size floats is described, and the results
obtained from tests using this equipment are compered with those of

’cwo models of the seme float but of different scale L and —];), which

2.5 5
have been tesbed in the towing tanks at Hembury and Berlin. The
purpose of the comperison is %o determine the effect of the Reynolds

number cn the results of bank model tests. -

. The 'bheore uical pa.rt glves eh exple.naticm of the physical con-
cept of scale effect. The scale offect is most conveniently enalyzed
by considering its effects on the tangentia.l (friction) forces meparetely
from those of the normal (pressure) forces. Based on the theoretically
end e:merimenta.lly destermined lews -for the coefficlents of fricticn on
plates in longitudinal fiow, the method.s in which both the Reynolds
number for the three sizes of model and the coefficlents of friction
for plates at the seme Reynolds number vary .ere investigated in a
numerical exsmmle. The effect of the Reynolds number on the trimming
moment’ takes the form of & change In the pressure distribution as &
result of the separation phenomens, whilch msy heve g varlety of causes.
It was found thet the method of influencing the pressure distribubtion
end. obtaining s better agreement belween ship and model by moeans cf a
. so-called "turbulence wire" used in tank tests of ship models is
" ineffectual on meaplane f£lozts. )

A numerical sxemple shows that the order of megnitude of the
scale effect on hoth friction and preossure forces 1s in megnitude and
dirsction in satisfactory accord with theory and with the results
Trom tests of planing surfaces if the rough essumptions are taken into
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account. 3By extrapolating for a 100,000-pound flying boat, a model
escale must be chosen for which tie Reynolds numbers correspond to
those of the -é-!'—5-scale model. The scale effect then ia approximetely
50 percent of the frictionsl resistance of the model. Experimsnts
also show that the scale effect may influence the calculations of the

taks-off time and distance in deelgns with different power loading.

171. Sottorf, W.: Scale Effect of Model in Seaplane-Float Investl-
gations. NACA T No. 70k, 1933.

_ It is impossible to evaluate the full-scale resistence of pla.ning,
wator craft by the method of Froude because (1) the wetted suxrface
varies with speed and wilth trim at the seme speed, (2) the mean
veloclty of the water along the planing surfeces differs conslderably
from the towing speed, and (3) tho determinstion of the frictional
coefficients for the model is unreliable. A series of plening sur-
faces and floats has been Invesitigated to detexmlne the effects of
scale on the variocus hydrodynamic consliderations. BSix flet planing
1

surfaces having scalse values -—i—- of 1, Y E',%E'é’ %, ;6;’ end —831 and
repregonting loads from 317 pounds to 0.62 pound were tested %o
determine the scale effects In the planing reglon. A floa.t s from a

i
twin-float seaplane, with models having scale values of —-, -él —;’» and J’.}E-
was usged to determine the scale effects in the region of maxinm
resistence and to £ind ocut the interference effecte of the afterbody.

The flat planing surfaces showed that the smaller the models the
more wnfavorable were the losd-resistence ratios. It was found that
the frictional coefficlents of the surfaces differed from one anothexr
for the same Reynolds number. Thls differonce was ettributed to the .
fact that the load and the txim and hence the pressure increment
affecting the boundsry layer are dissimller at the leading edge. In
the investigated region there 1s s similerity of the weited arcas,
simllarity of the moments at the sams trim, and consequently a
consistent similerity of the pressure distributlon.

The floats showed that with constent moment the maximum resistance
(where Rpg = A3 Rp) wes too high by 3.5 percent for A = 3, 6 per-
cent for M = 6, 10.5% porcent for M =G, and 21.5 percent for A = 12,
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and that with constant trim the meximwm resistence was too high by
8.5 percent for X = 3, 10.5 percent for A = 6, 17 percent for

A =g, and 25 percent for A = 12. There was little difference In
the resistance of the models wmtil the change from displacement to
planing occurred. The error in trim became more seriocus with the
smaller models and smounted to as much as 4° for the smallest model.
It was found that the iuse of very small models would create an
appreciebls error in the take-off tims, especlally with smell margins
of excess thrust. Spray measurements showed that the relative height
of the spray decreased as the size of the model was reduced, which
can be explained by the effect of surface tension. It is belisved

that 1ittle error would be involved in the use of a—é‘—-:mll-sca.le model

of a zl,ooo-pouxﬂ flying boat; however, the use of sbout a-}-sca.le

6
model, 1f possible, is advised.

172. Herrmann, E.: Sea.plane Floats and Hulls. Part I. NACA ™™
No. 426, 1927 ..

Thie report wae prepared as e systematlc digest of the importent
technical date. on seaplene development sccumulated in the years
between 1912 end 1926. The characteristics of water resistence have
been discussed end a method of graphically’ representing the data has
been given. The laws of simllerity and the theory of model tests
have been introduced. The processes apd the calculation of take-off
have been reviewed end the triangle method of computing teke-off time
has for the first time been applied to seaplanes. Information on the
effect of various design peremsters on the performance of seaplanes
and informetion on British impact investigations have been
summarized. )

173. Herrmenn, H.: Seaplane Floats end Hulls. Part ITI. NACA T™
. No. 427, 1927.

The effect upon performance of changing some of the main design
parameters has been discussed in relatlon to specific alrplenes. The
merits of twin-flost sesplanes and flying boats have been discussed
with reference to general conslderations, seaworthiness, alr resistance,
water registance, welght, and maneuverability. The merits of wood
and metel hulls have 'been pointed out.
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The importance of statlic stebillty tests has been shown end an
experimental method has been suggested. The merits of single-float
seaplanes have been reviewed. Scale effect in model tests has been
briefly discussed. The general resistance test and some performence
charecteristlics have been desoxlbed.

174, Baker, G. S., and Millar, G. H.: Same Experiments in Connection
wilth the Design of Floats for Bydro-deroplanes, With an
Appendix on Tests 1n the Wind Channel to Determine the Wind
Forces on Hydro-fieroplene Float No. L3B by L. Balrstow,

R. & M, No. 70, British A.C.A., 1919,

' Tests of a flat planing surface were made at the William Froude
Metlonal Tank in which the 11ft and resistance were measured at
verious Tixed values of draft, trim, and epeed. The lift-reslistance
ratlo was found to decreese W:Lth increesing trim (above 4°) and draft.

Specific fixed-trim tests of several models of floats for twin—
float seaplanes with tail float were also made, Tests at one speed
showed that the distance between flosts on one type of twin-float
segplane had practlcally no effect on reslstance or xise. TFlat
bottoms and streight keels were found to be more efflolent than rounded
bottams and convex keels. Floats with a tail (afterbody) and a atep
glve & smaller dlstance between the genter of buoyancy at rest and
the center of pressure at high speed than that of floats without a tail.
It is of great importance that as the float rises nothing should pre—
vent the access of alr to the step. Step venbilation, produced by holes
from the top of the float or by "mudguards" which prevent the water
from olinging to the verticael sides near the step, succesaful]y allowed
air to flow to the step. .

The 11lft and dreg for varlous angles of pitch and the lateral and
longlitudinal forces for various angles of yaw were measured in wind-
tunmnel tests on one of the flosts teasted in the: tank,

175, Pa.rkinson, J‘oh.n B.: Specifio Tank 'I‘est of a 1/8 Full-Size Model
. of the Hull of the XFBM-3 Flying Boat -~ NACA Mod.el 120.
. NACA MR, Bur. Aero., Sept. 3, 19L0. .

Specific fixedr-trim and :E‘rees«to--bm resisténcé tests were made
of a %-size model of the hull of the XPBM—3., Still and motion
plctures were taken of the sprey and scme photographs are lncluded.

JEERNNNEEY
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176. Dawson, John R.: A Specific Tank Test of & Model of the Hull
of the Bureau of Aercnautics Design 182 Flying Boat -
N.A.C.A. Model 96. NACA MR, Bur. Asro., April 14, 1939.

Specific fixed-trim and free-to-trim resistance tests were made
1
of a 1-1_2-8126 model of the hull of the Bursau of Asrcnautics Design 182

flying boat. The results aru presentsd with rosistance, trim,
trimning moment, loed, and load-resistence ratio as functions of speed.
Somz typlcal photographs of ths spray are includsd.

177. Dawson, John R., and Ebert, John W., Jr.: Spsclflic Tank Tests
of a Modification of & Model of the Bull of the XFB2M-1
Flying Boat - N.A.C.A. Modsl 94-F. NACA MR, Bur. Asro.,
Aug. 18, 1939. '

Specific Tixed-trim and frso~-to-trim rosistancs tesbs wers mnde
of ons modificetion of a %—siza model of ths hull proposed for the

XPB2M-1 flying boat. Ths modsl appearsd to be similer to NACA model
QLk-A except for an increase in ths angle of dsad rise of the after-
body in the region just aft of the main step. Those tests were made
with three different gross loads; ocach gross load rvguired a different
poaition of the center of gravity and a diffsrent get-awsy spesd. The
results ares pregented with resistance, load, trim, trimming moment,
and load-ressistance ratio as Tunctions of speed.

178. Parkinson, J. B., end Olson, R. E.: Specific Tenk Tests of
Two Models of Floatvs for the SB2U0-3 and 0S2U-1 Seaplanss -~
N.A.C.A. Modsls 106 and 1C7. NACA MR, Buwr. Aero.,

Jen. 17, 1940,

Specific fixed-trim and free-to—trim rosistance tests were made
of two -i-;‘-size modsls of Edo Aircraft Corporation designs 67-9000
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end 68-9300, for use on the SBAU-3 and the 0S2U-1 airplenes,
regpectlvely. The resulis are presented wlih resistance, trim,
trimming moment, loed, snd load-resistence ratic as functiions of
speed.. A number of spray photogrephs of each model are Included.

179. Carter, Arthur M.: Specific Tests in KACA Tank No. 2 of Two
Models of the Kaiser-Gar Wood Flying-Boat Eull - NACA Models
157A and 157B. NACA Mk, The Aeronsutical Board, March 31, 1S43.

Specific fixed-trim and free~to-trim resistance tests were made
of two modela of the hull of a propoged Kalger-Gar Wood flying boat.
The models had sbernpost sngles of 3°-and 6° with & tunmel-bottom
forebody.

The model with the lower stermpost sngle rode at a very low trim
anl tended to suck down in the medium speed range. At 6° Fixed trim
the foreboedy was clear and the model was riding on the afterbody;
under these conditions, the model had a tendency 0 be dlrectionally
unstable,

The model with the large svermpost angle tended to porpoise at
speeds jJust over the humm when the afterbody come clear. At 69 fixed
trim the medel was unstable in roll at hidgh epceds. At low speeds
end a trim of 3°, the model was directionally unsiable.

The ratios of load on the water to resistance for the Kalser-~
Ger Wood models were smaller at hump specds and larger =t high speeds
than those for a conventional hull usod for coamparisons. In both
cages the apray of the tumnel-hottom hulls was very low.

180. Anoni: Stendard Series of Flying-Boat Mulls. Testa on Models
for Resistance, Spra;-, and Porpolsing for Bureeu of
Aeronautics, Navy Department. Note No. 23, Stevens Inst. -
Tech., Feb., 9, 1943,

Preliminary data from an extensive investigstion to esteblish a
framework of Informetion on flying-bost hulls esre presented for 17
models. The models have & length-bsam ratio of 6.19 end include
angles of dead rise from 0° to %0C and amglos of afterbody kesl from
30 to 11°. Charts are presented which show in swmmery form the trim,
resistance, longitudinal stability, ond spray charzcteristics of
each model.
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181. Caldwell, R. W., and Fuller, Dell: Study of General Resistence
Teats of High Length-Beem Ratic Hulls and Twin Hull
Canfigurations. Rep. No. ZE-022, Consolidated Vultee Alr-
creft Corp., March O, 1945.

An analysls of a general remistance test of five hulls having
a length-beam ratio (L/B) of 10.5 is presented. These tests were
naede in Langley tenk no. 1 of three hulls of DVI lines and proportioms
(abstract 157) that were en exbtension of the DVL length-besm ratio
geries and on two hulls of CVAC design. The CVAC hulls were ldentlical
and were tested as & twin-bnll srringoment at various hull spacings.
The nain dimenslons varied smong the hulls were angle of dead rise
and depth of stop.

These tests indlcated that:

(1) Substantial gains in resistance end teke-off time can be
made with high L/B hulls over conventional nvlls of smaller L/B.

(2) An -%’-= 10.5 hull using CVAC lines and a deeper step is
superior in vesistence to any of the IVL hulls tested.

(3) Mo significant Intorference sffect on resistance occurs for
the twin-hull arrangemencs tested.

(%) The sprey vebbernsfor the twin-hull arrangemsnis weras
satlsfactory end exhlbitel no abnovmal characteristics for bsam
loadings up to a gross load cocfflclent of 3.5.

(5) In the case of large flying boests (150,000 1b or over),
an increase in hydrodynamic performance would be atiained by using
twin hmlils of high L/B end spproximately the sams tobal frontal
aree gg a convenbtlonsal hull of lower length-beem ratio.

182. Sgbathe, Georgea: Sur l'origine et la suppressicn de la dis-
. continuite dans la résistance hydrodynamique des flotteurs
d'hydravion. Camptes Rendus, . 202, no. £2, June 2, 1936,
pp. 1836-1838. '

Model tests of seasplane Tloats often reveal e Aisconbimuity in
the resistence-spseed curve lmmediately prlor to the huwmp. This
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discontinuity has been attrlbuted to a reductlon of pressure behlnd
the step, vhich may or may not be asccompanied by cavitation. Ventl-
lation of the law-preseure area by a tube or by a drain at elther
slde of the step has successiully eliminsted the discontinuity and
has decreased the resistance in this region by as much as 25 percent.

183. Clark, X. W., and Hills, R.: Tank and Wind Tunnel Teste on
the Short Svnderlend to Campare Attitudes with Full Scale
during Teke-Off and Landing. Rep. No. B.A. 1622, British
R.AE., Juy 19%0.

Tests were made to elucidate dilffersnces 'bcfween model and full-
geale attitudes during take-off.

Wind-tunrsl tests of a.-:?ig-sca.le modcl wers made wlth and without

ground effect represented up to largs thrust coefficients. Fram the
results, alr Jifts were estimated for tank teste wnder conditions
for which attlitndes of ithe full-scals seaplene had bson recorded.
Frorm the measured sir and pltching moments, eitltude curves waere
evaluated to CORPAT'® with full-scale results.

The wind. tunnel tsets show an apprecisble :u.nfluence of ground.
aeffect on 1ift ard a vory large influoence on pliching moments.
When ground effcct and the effect of the propellier slipstream are
teken Into accomnt, the attitude curves of ths model during teake-
off are in good agroement with the full-scalc measured valucs.

184, Olson, Roland E., and Zeck, Howard: Tank Tests of a 1/16-Full-
Size Model of the HK-1 Cargo Flying Beat. II - Resistancse
Testes of the Complete Modela 153-1 and 1584 and Brief
Investigations of the Spray end Pressure Distilibution on the
Modified Tall Extension of Model 159%A. NACA MR, Dept.
Comerce, Juie 2, 194k,

The vesistence of the %—Bize dynamic model of the Hughes-

Kalser cargo flying boat was determined by tests in Langley tank
no. 1. The total resistance (hydrodynemic resistance of the hull
snd the serodynamic drag of the conplete model) at hump cpeeds was
18.2 pounds (75,000 1b, full scale) at a gross load of 97.0 pounds
(400,000 1b, full scale). Increesing the dlamoter of the tail



NACA RM Fo, L6I13 R 109

BYDRODINAMICS
Steady Iongltidinal Forces and Moments

extension from 16% inches +to 18 inches caused & slight increase in

both the hvim trim and the resictance. The spray characteristics

with this tall extension, NACA modol 1584, were slightly inferior to
hose of the original model, MACA model 158-1. The only negetive

pressures that were founl on the tail exbonsion occurved jJust aft

of the stermpost. In general, nositive prassures were found and the

pesk preasures occwrred where the roach gtruck the tall extension.

185. Shoemeker, Jemes M., snd Parkinson, John B.: Tank Tests of a
Family of Flying-Boat HEulls. NACA T No. hol, 193h.

The rosults of resistance fHesis made in Tengley tank no. 1 of
a parent form and five variations of = model flying-bost hull are
presented. The beams of two of the derived foxms were made the same
a8 the beam of the parent and the lengths chenged by Increasing and
. decreasling the spacing of atabtions. The lengtha of two others of ths
dsrived forms wers meds the sams a3 the lsngrh of the npavent while the
beeme were cnenged by increasing snd decreazing the spacing of the
buttocks, &ll other widths bsing changed In proportion. The remalnling
derived form has the seme length and beam as the perent, but the lines
of the Pcrebody wore aliered to glve a plsning bottom with no longi-
Sudinal curvature forwerd of the stop.

The test data wers enslyzed to determine the minimim resigtence
and the angle st which it occurs for all speeds and loasds. The

resulits of this analysis sre glvon In the form of nondimensional
curves for sach mecdel.

It was found that increasing aither the beem or the lenghth
resulted in an incrvase in the loajd-rosilstance ratlo ot the hump
and a decreoase at high spoeds. Tho results showed rather conclusively
that lopgitudinel curvature of the foreboly should be avolded and
that the length-beam ratio of the hull Iin the range tested (5.05
to 6.4) aiffects ite plening performencce principally because of the
inflrence of this rotlo on the secondary dosign factors.

186. Clerk, K. W., and Coombes, L. P.: Wenk Tests of a Family of
Four Hulls of Varying Longth to Boam Retio. Rep. Ho.
B.A. 1350, British R.A.E., Nov. 1936.

A ramily of four hulls of different 'bsa.m, covering a range of
over-ali length-beem ratio from 5.5 to 10.C and designed to have a
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low air drag, was tested for water resistance, trimming moment, and
draft over a range of speeds end loads at fixed tvims. The four
hulls hed strelight V-bottoms, zwd the effect of hollowing the planing
bottom to a more conventional form was deotermined on one hull. The
time and disbance to take-off at 2 common all-up welght of 30,000
pounds were calculeted for the five hulls and also for three American
kulls of different boams. 'The effect of beam on the alr drag has
been measursd in a wind tunnel. The volume back to the rear step

has been noted.

When hulls of tho same Jength carrying the same load are
considered, nerrow hulls on the whole offer less resistance, being
better et low specds and when planing, though worse et the hump.
The narrow hulls, however, ars more deeply immorsed and less sea-
worthy. ‘In ordor to insure equal seaworthiness, when a glven load
is carried, docreased benm mist bo accompenied by increased length.
This arrangement partly offsets the advantage in rosilstance so that
the take-off of narrow hulls ls only slightly shorter, and 1llttls
18 to be geinod by incroasing the length-beum ratio beymnd 8.5.

In order to give spnroximately the same seesworthiness for each
model hull, the draft at the stsp, exprosssd a8 a proportion of the
length of tho fcrebhody, wes tallon a8 the critorion.

A more marked adventege for narrow hulls was cobtained from the
Amoricen hulls but the range of length-heam ratio covercd (5.3 Lo 6.0)
wes too small to allow conclusionas to he drawn sbott vory nerrow hulls.

Tho hull with hollow V-gectlome has tiie samo take-off as the
straight V-secticn hmll of the same besm. It is clecnor rumning on
the water, but the alr dreg 1s incroased by 5 porcent.

The alyr drag reaches a min:lmm betwcen lung‘sh-'beem ratios 9
and 10.

The asccammodation volume Talls off rapidly between length-boam
ratios 5.5 and T, after which it decreases mich morc slowly.
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187. Parkinson, J. B.: Tank Tests of & Model of & FIying-Boat Hull
Baving a Longitudinally Concave Planing Bottom. NACA TM
No. 545, 1935.

The NACA model 11-B, which has a longitudinally concave plening
bottom forward of the step, was tested in Langley tank no. 1 over a
wide range of loadings. The resulits of the tests are presented as
curves of resistance and trimming moment plotted against speed for
various trims and as curves of best trim end resistance and trimming-
moment coefficients at bost trim plotied agalnst spoed coefficlent.
The characteristics of the form at the optimum trim ere compsared
with those of NACA model 11-C, which has the sems form with the
exception of a planing 'bo+tom lcngitudinally straight nesar the
step. Photographs of the modsls being towed Iin the tank are
included for a comparison of the spray patterns. A discussion of
possible effects on longitudinael stebility is included.

At the best trim In each case, model 11-B has lower resistance
‘a.t high spesds, & higher maximum positive trimming moment near the
hump speed, and a more fevorable spray pattern than that of
model 11-C. The decrcase in resistance &t high speeds is partly
attributed to the effecctive increase in angle of afterbody ksel nsar
the step. Thls Increase would tond to Increase the aerodynamic drag.

188. Dawson, John R.: Tank Tests of & Model of & Flying Beat Hull
with a Fluted Bottom. NACA TN No. 522, 1935.

l .
A -5-si'ze modsel of & flying-boat hull having flutes in the bottom

both forward end aft of the step (NACA tank model 19) was tested in
Langley tank no. 1 to determine ltas water performance. The modsl was
also tested after the successive removal of the flutes on the afterbody
and forsebody, The resulis from these tests are compasred with those from
tests of & model of the hull of the Wavy PN-8 flying boat and it is
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concluded that the fluted-hottom model and all it moaifications are
inferior to the model of the PN-B.

189. Allison, John M.: Tank Tests of a Model of One Hull of ’che
Sevoia S-55-X Fiying Boat - N.A.C.A. Model L46.
NACA TN No. 635, 1938.

A gensral resistance test was made in lLangley tank no. 1 of
one of the twin hulls of the Itallan Savola S-55-X flying boat.
The data are given in nondimensional form to facilitate thelr use in
applying this form of hull to any other flying boat or comparing its
performance with the porformance of other Lvlls. The resulis show
that the resistance characteristics at best trim of this model are
excellent throughout the speed renge slthough excessively large
meximum positive trizming momsnts were obsexrved. The Savola S5-55-X
at normel loads wes exceptionally clean-running at all speedd.

The performance of the 85-55-X hull was compsred with thet of
NACA model 35 by msans of o take~-off calculation for a twin-hull,
23,500-pound flying boat. The calculation shows that the S-55-X
hull has better take-off performance. It is possible that the
Improvensnt in rosistance can be ettributed to the very low negative
doad rise of the planing bottam.

190. Allison, Jobn M.: Tank Teste of a Model of the Hull of the
Nav;6r PE~1 Flyirig Boat « N.A, C.A Mod.e" 52. NACA TN No. 576,
193

General fixed-trim and free-to-trim resistance tests were made
in Lengley tank no. 1 of a model of the hull of the Navy PB-1 flying
boat. A specific free-to-trim resismtance test was also made with
scgle deslign load and teke-off speed. The tests wore made as part
of & program to provide information on the water performance of
flying-boat hulls of early design for which hydrodynamic data have
heretofore been unsvailable.. '

The resistence obtaincd from the Pixed-trim test was found to be
about the seme as that of the model of the NC flying-boat hull and .
groatér at the hump bub smaller at high speeds than that of a model
of the Sikoraky .:~ho flying-boat hull.
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191. Bell, Jos W.: Tank Tests of a Model of the NC Fiying-Boat Hull -
N.A.C.A. Model Mbr. WACA TW No. 566, May 1936.

A gensral fixed-trim reslstance test and a specific free-to-trim
-size modsl of the NC-type hull in

~ .

T.006
Langley tank no. 1. The resulte of the tests are given In curves
plotted as nondimensionel ceoefficients end ere compared with the test
results of NACA model 11-3.

repistance test were made of &

The NC model (NACA model 4k} shows higher resistance then model
11-4 &t hump specd but lower resistence at hlgh speeds. Model ik
has a higher best trim &b the hump and a lower maximum positive
triming moment than model 1l-A. At high spoede the best trim end
the trimming moments of the two models are_ spproximately the same.

152. Parkinson, John B.: Tank Tests of Auxillary Vanes as a Substitute
for Planing Avea. NiCA TN No. 490, 193k.

Resistance tests were made of +two models of flying-boat hulls.
The first model represents the hull of the U.S. Navy PN-8 flying
boat and the second model represents a proposed alteration of the
PN-8, in which the sponsons of the original hull sre removed and
auxiliery 1ifting venes (hydvofolls). are f£itted at the chines
immedistely forward of the main step. The tests showed that the
altered form gave a large increase 1in Inmp resistence and & very
undesirable sprey formation through a laxrge pert of the speed rengs.

193. Parkinson, J. B.: Tank Tests of Model ..'_Ll-G- Flying-Boat Hull.
NACA TN No. 531, 1835. o :

The NWACA model 11-G flying-boat kmll, a modiflcation of WACA
model 11-A, was tested In Leangley tank no. 1 over a wlde range of
loadings. The planing bottom of model 11-G has a varlable-radius
flare, or concavity, at the chines in contrast to the straight V
plening bottom of model 1l-4, The results are glven as curves of

" resistance and trimming moment plotited. against speed for variocus

trims. The characteristics of the form at the optimm trims are
glven in nondimensional form as curves of resistence coefficient,
best trim, and trimming-moment coefficlent vlothted ageainst speed
coefficient.
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As compared with the origlnal form, model. 11-G 1is shown to have
higher resistance at all loads and speeds and higher maximmum trimming
mortents &t heavy lceds. The spray pattern, however, is generally
more favorable, indicating thet the service performence of model 1l1l-A
would be improved by some form of chine flare.

\\chine-flare tan ency //

Talse chine -7

N Chine-~flare
= tangency

S
[ N
-
Originel —/
section
of 11-A

194k. Allison, John M.: Tank Tests of Model 36 Flying-Bost Hull.
NACA TN No. 638, 1938. _ ‘

NACA model 36, a hull form with parallel middle body for half
the length of the forebody and designed particularly for use with
stub wings, was tested over a range of practical loed, trim, and
speed to determine the general resistance characteristics of the
form. It was also tested free to trim with the center of gravity
‘at two locatione. The results are given in the form of nondimeneional
coefficients. .

The resistance et the hump was exceptionally low bub, at high
planing speeds, afterbody interference made the performance only
medlocre.

195, Parkinson, J. B.: Tank Teste of Models of Floats for .Single-
Float Seaplunes - First Series. WNACA TH No. 563, 1936.
Large models of the Mark V and Mark VI flozta used by the Bureau

of feronauntics, Navy Department, for single-float seaplanes {Naca
models 4l-A and 41-B, respectively) were tested in lLengley tank no. 1
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to provide resistance data Tor typicel single flcats and a basis
for possidle improvements of thelr form. The tests were made at
fired trims over a wide ranges of possible lozdings snd also with
the models free to trim et the design load. WACA modsl 35-B, a
polnted-step hull that might be sulteble for the same service, wes
tested free to trim with the seme loed snd position of the center
of gravity as used In tests of the Mark V and Mark VI floats.

The resistenée of model %1-B was greater then ‘that of model 4l-A
-either when free to trim or at the best twim for eack. The
resistance of model 35-B wae less then elther of tie other modsls atb
the hump speed , grozter 8t intermedlete planing epeeds, and less at
the speeds and loads near get-awsy, &lthough the soray was generaelly
worse owing to the absence of tronsverse flare.

The trims sssumcd by models Mi-A ond B1-B, whon tested free to
trim, werse round to be ezcoessive &t the hump speed. The corresponding
trim of model 35-B wag found to bo approximatoly 3° lower beceuse of
the lower engle of afterbody leel used in this model, and the maximm
hump resistenco wes 15 percent lower. A small hydrofoil fitted at
the sscond step of model 4l-A reduced the meximm trim sbout 20 end
the meximum resistence ¢ percent.

At speeds slightly below the point where the chines becams dry,
the Tlow over the rounded afterdecks of models Wi-A and 41-B gave
rise to an undesirable yewing and skidding tendency. No mention of
this tendency was made, however, in the reports of service trials.on
a full-scale installation.

196. Allison, John M., and Ward, Kenneth E.: Tank Tests of Models of
Flyéng Boa,’c BiuJ.._s _a.v..ng Lcugi‘*udinal Steps. IWACA T No. 5Tk,
1236.

Four models with longitudinal stepe on the fore'bod.y were developed
by modification of a model of a conventional hull end were teated in
Langley tenk no. 1. The same afterbody, of the usual V-section, wes
used with all the forebodies and the depth of the transverse step at
the keel was the same in all cases. Two. models hed two longltudinal
. sueps on each slde, one wiltkh consta,nt dead rise anj depth of step,

he other with varying dead rises between steps and different depths
of steps. 'The other two models each had one longltudinal step and
wers derived fram the second of the two-step models by eliminating
first the inboard and then the outbosxrd step alternatively.
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The models with longltuvdinal steps were found to have smaller
reslstance at high speed and greater resistence &t low speed than
the parent model that had the same af'terbody but a conventlonel V-
section forebody. The models with a single longitudinal step had
better performance at hump speed and as low high-speed resistance
except at very light loads.

Spray strips at angles from 0° to 45° to the horizontal were
fitted at the longiitudinal steps and at the chine on one of the
two~step models having two longlitudinel steps. The reslstanco
and height of the sprey were lesa with each pf the sgpray strips then
without; the most favorable angle wac found to lie between 15°
and 30°. Spray strips of two differcent widths (0.020 and 0.007 beam)
were fltted and it wvas found that the resistance was sllightly greater
with the narrower strip. Eliminating the sprey strip on the outboard
step was found to decrease hut litile uhe effectivencss of the
combination. In stlll another phase of the investigation the inboard-
end outbosrd-step sprey strips were shortened without adding
sppreciably to the resistance or the height of thie Dow wave.

W — i A

Goneral form of steps

197. Periinson, John B., and Dawson, John R.: Tank Tests of N.A.C.A.
Model 40O Series of Eulls for Smell Flring Boats and
Amphibiens. NACA Rep. No. 543, 1936.

The NACA model 40 series of flying-boat bull models conaists of
two forebodies end three afterbodies combined o provide several forms
suitable for nse in emall mearine sircraft. One forebody ia of the
usual form with hollow bow sectlons and the other h=s a bottom surface
that is completely developable from bow to step. The afterbaiies
include & short pointed afterbody with &n extension for the taill sur-
faces, a long afterbody similar to that of a sexplane float dut long
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enough to carry the tail surfaces, and a third cbtained by £itting
& second step in the latier afterbody. )

General resistance tests vere mads in Iengley tenk no. 1 of
variocus combinations over a sultsble range of loadings. Fixed-trim
tests wers made for all speeds 1ikely to be used and free~to-trin
tests were msde at low speeds o slightly beyond the huwp speed.

The characteristics of the nulls at besth trim have been deduced from
the data of the tests at Ffixed trim and sre given in the form of non-
dimensionel coefficients spnlicebls te eny size of hmill.

Comparisons emong the forms are shown by sultable cross plote
of the nondimensionael daks gnd by photogrephs of the spray pattsrns.
The difference between.tre results obtalned with the tro Porsbodies
wes small for the smooth-vater congitions simulgted in the tank. With
the seme forebedy in each cass + the resictence of tho no-step after-
body was least at the hunp spesd and that of the pointed afterbody
wae leest at high speeds. '

Take-~off oxamples of an 8000-pound flying boat or amphibien
heving a power lozding of 13.3 rounds per horsepower and a
2000-pound flying boat having & power loading of 18.2 pounds per
horsepcwer are included +o illustrate the epplication of the data.

198, Dawsor, John R.: Tank Tests of Three Models of Flying-Boat Hulls
of' the Polnted-Step Tyve with Different Angles of Dead Rise -
‘H.A.C.A. Model 35 Series. KACA TN Fo. 551, 1936.

The results of resistance tésts mede in Lengley tenk no. 1 of
three models of flying-boat hulls of the pointed-step type with
different angles of deed rise are given in charts and are compared
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with resulte from tests of more conventional hulls. Increasing the
angle of dead rise from 15° to 25° had 1little effect on the hump
resistancs, increased the resistance throughovt the planing range,
increased the best trim, reduced the maximum positive trirming moment
regulred to obtain best trim, and had but a slight effect on the sprey
characteristics. For approximately the sams angles of dead rise the

" reslstancescof the pointed-step hulls were considerably lower at high
speeds than those of the more conveational hulls.

139. Berrmenn, H., Kempf, G., and Kloess, H.: Tank Tests of Twin
Seaplans Floets, NACA T Mo, 186, - 1928.

The available information on twin seaplans floats is presented
in a discusslion based upon mmserous model tests in the HSVA tank
(Bamburg) and some full-scals tosts on the Sternmberg lake. The
various topics include (1) scale effect, (2) shape of planing
bottom (eseentially dead riss), (3) shape of tho step, (4) deter-
mination of distance beotween floats, (5) mansuvorability, end
(6) spray. A description of the method of plotting resistance data
is also presented and explained.

¢

200. Bell, Joe W.: Tank Teste of Two Floats for High-Spced Sea-
: plenos. NACA TN No. 473, 1933.

Resulis are presented of resistance tests of E-size models of

. two floats for high-speed seaplanes. One float was similer to that
used on the Macchi high-speed svaplane which compsted in the 1926
International Schnelder Cup races, and the other float was designed
at Langley tank no. 1 to improve the water performance of the Macchi
float. The modol designed at Langley tank no. 1l showed considerably
better water performance than the model of the Macchi float.

201. Dawson, John R.: Tank Testes of Two Models of Flying-Boat Hulls
to D3termine the Bffect of Vontllating the Step. NACA TN
No. 59h 1937,

The rosults of resistance tests made 1n langlsy tank no. 1 on
two models of flying-boat hulle to dotormine the effoct of ventilating
the step are glven graphically The stop of NACA model 11l-C was

L T
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ventilated in several difierent weys and it wes found that the
resistance of the normal form is not appreclably affected by
artificiel ventiletion in eny of the Torms tried. Fuither teste made
with the depth of the step of model 11-C reduced likewlse show no
appreclable effect on the rosistunce from ventiletion of the step.
Tests ware made on = model of the hull of the Navy PSLVf-l flying-boat
hull both with and without ventilatlon of the stcp. It was found
thet the discontinuity which is obteined In the resis-ba.nce curves of
this model is eliminsted by ventilating ‘the stev.

202. Anon.: . Tank Tsats on' a Fa.ired. Main Step for the Short T .2/33
(Sunderland) Flying Boat. Rep. No. B.A. 1472, British
R.A.E., April 1933.

Tegts were required on a faliring designed to increase the top:
speed without hempering the take-off. Resistence and moments were
meesured with and without the fairing over a range of speed up to
the teke-off at both normal and overload all-up weights of Uh,600
pounds and 49,000 pounds, respectively. The porpoising character-
1stice were cobserved for taks-off and allighting at normal load.

The feiring slightly increased the resistance at the hump and
Juet before teke-off and reduced 1t elsewhere. The effect on the
time end distance to take-off at the normsal load wes negllgible. The
trimming momsnts were very litile altered. For porpoising, the upper
limit of stcbility was reduced 1° for the take-off bub wes still
satlsfactory; otherwlse thore was no appreclabls chenge.

203. Bell, Joe W., and Olson, Roland E.: Tank Tests to Determine
the Effects of the Chine Flare of & Flying-Boat Hull -
N.A.C.A. Modol Series 62 end 69. NACA TN No. 725, 1939.

Twenty-two models of Tlying-boat hunlls were tested in Lengley
tenk no. 1 for the purpose of determining the effects on wator
reglatance and spray of 13 variabtions in the transverso soction of
‘the bottom of the forebody and of thres variations in the form of
the afteibody. Tne forobodies wore of the same over-all dimonsions
and differed in the type and emount of chine flere. The aftorbodios
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Included one with a pointed plan form and stralght buttocks, one
with a8 second step and streight buttocks, and one with a second step
and concave huttocks. The depth of the step at the keel was the
sams in all modelis.

In general, the effect of chine flere on the reslatance was
small although, at speeds Jjust above the hump, the resistance of
forms with chine flare was generally less than the reslistance of the
form without chine flare. The chine flare reduced the helght of the
Porward pert of the spray where the spray. lelt the chine of the.
model above the water level but had little effect on the spray where
the chine of the model was below the water level. In casos of
extreme flevre, the spray forming Just ahoad of the step scemsd to
be higher.

It was concluded that NACA modol 62-AD, consisting of a fore-
body with a chine flarc having a width of 0.083 beam and 5° angle,
combined with an afterbody having a seccnd transverse ster and con-
-cave buttocks, was the best of the combinations tested. Charts for
the determination of the rosistance and the sta.tic p.co;pe“ties of
this model ere glven. .

20k. Mitchell, R. J.: Tank Tests with Seaplane Models. Alrcraft
- Engineering, vol. II, no. 20, Oct. 1930, »po. 255-259.

"A general outline and & theoretical basis for model tests are
presented. Racing seeplanes S.5 and 8.6 are introduced and
the results of certain modificetions an the hull forms and errenge-
ments are discussed. Considevrable emphssis is placed on probleums
regarding lateral steblilization.

_ The addition of chine strips to the forebody was found to
decreago the water resistance but to increase the air drag of the
float about 10 percent.

A twin-float sesplane was tested with two different widiths of
track; the wlder track gave mweh lower resistence. The high englne
torque inherent it racing seaplanes crostod such an eccentricity of
loading that for satlsfactory apray characterisitlics end lateral
stabllity 1t wae found necessary to make one float longer then the
other and to place it farther away from the center line of the seaplans.
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Stub-wing stebillzers were found to present bad dynamic
characteristics when the engle of heel exceeded. 6°. Several
different forms weore tested but the best solution seemed to be the
addition of small wedgs-shaped pleces to the tips of the existing
stabllizers at the step end a small n:yd.rofoil attached to the end
of the stebllizer.

205. Clement, Bugene P., end Morewltz, Alvin H.:! Tests of a Model
of a Flyinz-Boat Eull Incorporating the Pigson-Snadecki
Type Longitudinal Steps - NACA Modsl 162. NACA MR No. I5B10sa,
Bur. Aero., 1945.

Tests were made of a model of a flying-boat hull incorporating

the Pigeon~Snadeckl type longltudinal steps on the forsbody

(NACA model 162) and of a modified form having the longltudinal
steps on both forebody and afterbody (NACA model 162-A). Both forms
were of unconventional deslign and thelr performance was found to be
inasdequate to justify more than very brief teating. Curves of
resistance and trim are presented from the free-to-trim tests of
model 162-4 and curves of resistance and trimming moazent from tests
- of fixed trims of 5° and 7°. Spray photographs of model 162-A

‘zare also presented for both free-to-trim end fixed-trim conditions.
It wes concluded that neithor form would be suitable for use as a
flying~-boat hull. The behavior of the modsls was so unsatisfactory
that 1t was not possibls to evaluate from these tests the hydrodynamic
characteristics of the Pigeon-Snadecki type longivudinal steps.

4 1

Gensrnl form of steps
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206. Truscott, Starr: Tests of a Model of Eull of Krelder-Reisner

Specifi'c-fixeﬁ.-trim end free-to-trim reslstance tests were made

of a -%'—-eize model of the Fairchild Amphibisn flying-boat hull. The

first tests wore made of & single forebody with two different
afterbodles; one was pointed, the other had a full second step.
Bacauss of the inferior performence of both these forms, & new
forebody fitted with spray strips set under the chines was used In
conJunction with the two original afiterbodles. The new forebody
reduced the free-to-trim resistence at the hump and decreased the
trim at which the hump occurrsd. The data are sumerized, tabulated,
and plotted. Photographs showing the spray produced by the model
while under way are included.

207. Truscott, Starr: Tests of Model of Edo Float No. 37-15750.
NACA MR, July 3, 193k.

Specific fixed-trim and free-to-trim resistence tests were made
of a-&-size model of one float (Bdo float no. 37-15750) of a twin-

float sesplane. The model wes of the Edo fiuted-bobtom type and wes
fitted with spray strips that extended the full length of the chine

on both forebody and afterbody. The date are presented in the form

of tables and curves. PFPhotographs taken to show the sprey formation
are Included. ' |

203, Shoemelker, Jemes M.: Tests of Model of Edo Float No. 33-3430.
NACA MR, May k&, 193k.

Specific fixed-trim and free-to-trim reslistance tests were mede
of & -3-size model of a seaplene float (Edo float no. 38-3430). The

model was of the Edo fluted-bottom type and was fitted with spray
gtrips that extended the full length of the chine on both forebody
and afterbody. The data are presented in the form of tables and
curves. FPhotographs taken to show the spray formation are included.
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209. Truscobt, E:tarr Teats of Modsl of Edo Floa:" Type XT. HNHACA
JR, Rep- No- '2, DBG. 23, 19_,2- .

Specific Pixed-trim and free-to-ixrim resistance tests were made
of a.-ﬁ_-full—sive modsl of ome float {Bdo fleat type XT) of a twin-

float errengement designed for use undsr e Curbtiss "Condor.? The
tests were mede to debermine the sultablliity of the design for thls
purpose. The modsl was towed from & point corresponding to the height
of the centsr of gravity of the complete alrplane. The data are given
in the form of tebles and curves. Photographs of the model under way
at variovus speeds end trims are Included.

210, Truscott s Sterr: Testa of Modsel of Edo Hull for Courimery
~ Amphibien Flying Boat. NACA MR, Mey 26, 1933.

Specific fixed-trim resistance teats wers made of a fluted-bottom
Lhull propossd for use as sn amphiblan. The wheels for lend use were
arranged with one wheel projectlng through =zmn opening in the bottam
some dlsbance aft of the bow and with .two whegls on retracting gear
farther aft. The data are summerized, tabulated, and plotted. Fhoto-
graphs of the wodel under wey showing the spray and the position of
the prejecting forwsrd wheel relative to the wabter ere included.

211. Pruscott, Starr: Testa of HModel of Fdo Hull for Twin—-Flc&t
Seeplane. I‘IACA MR, -..a'ot 23, 1933.

Specific fixed-trim reslstsance 'tests were made of & %—size medel

of one float of a twin-fleoat seaplane. The data are tebulated and
plotted. Phobographs showing the spray prod.uced b:,\' the model while
under way are lncluded.

212, Truscott, Starr: Tests of Model of Glenn L. Martin Compeny
Flying-Boat Hull - Model No. 130. TFACA ME, Merch 22, 1933.

Tests were made of a—é‘—-—size model of a £lying-boat hull, Glemm

L. Martin Co, model no. 130, to cbtain informstion regerding the
performance of the model on the water., The hull was fitted with studb
wings that were unusual in that the lower surfaces sloped upwerd
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toward the tips in a mammer to prolong the vee of the bottom. The
stub wings hed a step that originated at the hull abreast of the
main stép and reked aft with a gradual decrease of depth wntil it
disappeared at the tip of the stub.

Specific fixed-trim and free-to-trim resistence tests were made
at numerous conditicns of trim, spsed, and load and on different
modificetions to the origlnal design. Low-speed tests were made
of the modsl rumning free to trim astern. Static transverse stability
tosts were made at several gross loads.

The data are tabulated and plotted. Numerous photographs of
the model under wey are lncluded. .

213. Truscott, Starr: Tests of Model of Hull of Dougles Amphibian
YO-L4k, Supplementary Report. NACL MR, May 16, 1933.

Specific fixed-trim and free-to-trim resistance tests were
conducted on a lie-size ané a —é-size' model of a hull intended for use

on & large emphibian (Douglaes YO-i4). Several modifications designed
to Improve the water performence were also Investigated. The data

" are summorized and plotted. Numerous photographs of the models under
way are included.

(See also aebstracts 16, 34, 40, b4, 45, 46, 83, 8%, 107, 117, 118,
120, 235, 252, 257, 273, 280, 281, 285, 290, 308, 309, 310
312, 313, 321, 322, 323, 327, 356, 375, 331, 382, and 335-5

Steady Longitudinal Forces and Moments - Resistence -

21k. Truscott, Sterr, and Parkinsom, J. B.: The Increase in Fricticnal
Resistance Caused by Various Types of Rivet Heads as Determined
by Tests of Planing Svirfaces.  NACA TN No. 648, 1938.

The increase in the frictional reeistance of & suwrface caused

by the presence of rivet hoads was determined by towing four planing
. swrfaces of the same dimensions in Langley tank no. 1l.. One surfaco
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was smooth and represented a surface without rivet heada or one with
perfectly flush countersunk rivets. The other three surfaces were
each fitted with the same number of full-size rivet heads but of a
different type arranged in the sams pattern on each surface. The
gurfeces were towed at speeds representative of the high water speeds
encountered by seaplanes during take-off and the range of Reynolds
number covered by the tests was from & X 100 to 13 X 106.

The rivet heads investigated were oval countersunk, brazler, and
round, for rivets having shanks 5/32 inch in diameter. The oval
counteysunk heeads wers sunk below the surfacs by dlmpling ths
plating earcund them.

The results of the tests ghowed that, for the rivebt heads
investigated, the increase in the frictlon cosfficient of the
surface 1s directly proportional to the helght of the rivet head.
The order of msrit in regard to low reelstance was Pound to be:
flush countersunk, oval countersunk (whether sunk below the surface
or not), brazier, and round.

215. Parkinson, d. B.: Tank Teats o Show the Effect of Rivet Heads
on the Water Performa.noe of a Seaplesne Float. NACA TH No. 657,
1038,

A %-size model of a seaplane float constructed from lines

drawings supplied by the Bureauw of Aeronautics, FNavy Department, was
tosted in Langley tenk no. 1, first with smooth painted bottom sur-
Taces and then with roundhead rivets, plabte laps, and keels f£itted

to similsate the bottom of a metal float. The increase 1n water
resistance caused by the added roughness was found to be frem 5 to

20 percent at the hump speed and from 15 to 40 percent at high speeds.
The effect of the roughness of the afterbody was found to be negligi'ble
except &t high trims.

The mod.el date were converted to apply to full-scale conditions
by the ustal method which assumes that the forces very according to
Froude's law and, in the case of & smooth model, by e method of )
separation that tekes into account the effect of scale on the frictlomsl
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resistance. The tests indicated that the effect of rivet heads on
the take-off performence of & relatilively high-powered float seaplane
is of 1little consequence but that the effect may be of greater
importance in the case of more mModerately powered float seanlanes.

(See also sbstracts 383 and 401.)

Steady Longltvdinal Forces and Moments - Moment

216. Bell, Joe W., end Havens, Robert F.: Tank Tests of a 1/3-Size
Dynemic Model of the FPB2Y-3 Alrplane with Simleted Jet Motors -
NACA Models 1317, 131J-1, and 1315-2. NACA MR, Bur. fero.,
June 8; 1943.

This investiga.'biou was underteken for the puipese of determining
the effect of rocket motors upon the longitudinal stability of the
Consolideted PB2Y-3 flying boat at & gross loed of 76,000 pounds.
Throe air nozzles, uced to simlate the rocket motors, wore installed
on the powered dynamic model at ihe stermpost. Va.rious poaitions
and. angles of the rockets were tested end in each cases the trim ab
the hump was reduced. This reduction in hump trim caused by the
exhavst under the teil extension of the model indicabted that even
- -larger effects would result 1f the rockets wero located in the main
. 9tep and permitted to exhaust under the afterbody.

With the line of thrust of the rockets below tho conter of
gravity, positive trimuing moments were prqduced alb planlng speeds
and tho limits of stable posltlons of the conter of gravity were
moved forward. No significant change in the 1limits wes noticed

when the thrust line of the rockots was made to pass 'throug.l 'hhe
center of gravity.
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217. Carroll, Thom=s: A esrous Segplene Landing Condltion.
. NACA TN No. 237, 19

A pecriier phenomenon in seaplane lending is observed and
reported. The seaplane having executed & normal fast landing at
low incidence, a forward movement of the conbtrol stick effected an
unusual condition in that the seaplane left the water suddenly in
an ebnoxrmel attitude. The observations describing this phenomenon
ere offered as a warning against possible accident and as a
conJjectural cause of seaplane la.mling accidents of a2 certain kind.

213. Shaw, R. A., Smith, A..G., Morris, W., and Evens, G. J.: An
Investigation of the Water Performance of the Sunderiand
Flying Boat. Rep. No. H/Res/136, British M.A.E.E.,
Jan. 8, 1940.

Tests were made at the Marine Aircraft Experimental Establishmsnt
of the water verformance of the Short Sunderland f£flying bhoat to
provide full-scals data for comparison with tank teste of the mecdel.
Measurements of attitude, scceleration, and speed were mads in take-
offs, landingse, end accelersated and steady texying runsa. The effect
of elevators, fleps, and wind on attitude is pointed ocut. The
Ingstrumentetion and testing technlgue are discussed in detail.
Enlergements of gyro-film records that show the verliation of attitude
end verticel accelerztion with tims for typical porpolsing conditions
are included. .

The dreg of the Sunderland flying boaet has bsen calculated from
ohserved sccelerations and from an estimate of the thrust and has
been found to be less in lending than in teisw-off at the same attitude.
The difference is greatest at the hump where dreg during take-off is
60 percent greater then dreg during landing. The differences in drag
diminish at higher speeds untll substential agreement 1is reached at
65 knote. As corrections for slipstreem effects are not sufficient
to explain the Increases in drag, the acceleration appea:rs to be the
influencing factor.

219, Abel, G. C.: Measurements of Accelerations et Different Parts
of & Boet Seaplsne during Take-Off and Landing. R. & M.
No. 1829, British A.R.C., 1938.

Reasons for inguiry.- Measuroments of acceleration at selected
parts of & sef@planc structurs during teke-off and landing were
required to provide further knowledge of structurs loads.

- e
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Rangme of investigeticon.~ Take-offs and landings were made in
calm end choppy water. The landings wers mede deliberatsely heavy in
order to give an uppser limit to the factors requlred on seaplane
gtrmictures.

The normal acceleration was meecsured at seven positions and the
longitudinal etceleration at two of these positions. At one posltion
four eccelerometers of different frequencies were fitted. A gyro
plich recorder was fitted to record the change of attltude during
Impact and from this record the anguler acceleration has been deduced.

Conclusicons.- The meaximm normal eccelerations recorded wers
2g in take-off and 4.5z (in bow and center section) in a stalled
lending. '

The meximum angular acceleratlon was 1%-radians per second per

sscond, the meaxiwum difference. betwesn bow and tall accslerations
was 1.6g and the mexiwum difference between hull and centsr section
was 0.9g. In some landings the correction for snzular acceleratlon
was insufficlient to bring the bow and tall ecceleratlons to the same
value as the scceloratlon amidships and thls shows thet the hull
distorts. In the mejority of lendings there was a dlstortion of the
conter section similar to. thet recorded on & Singepore XIc seaplane
when dropped into water.

The recoprds from the four accelerometers of different frequencies
ghowed good agireement. The higher frequency Instrumesnts gave nore
ogcillatory records, were less oaslily anelyzed, end gave only a amell
increase in accuracy.

220. Richardsom, H. C.: The Reaction on a Float Bottom When Making
Contact with Weter at Eigh Speeds. NACA TN No. £38, 1928.

A dangerous seeplans landing condition (ebstract 217), which
occurred at high speeds and low atbltudes and which resulted in
plitching forward suddenly end then bouncing uncontrollably out of
the water et am unfavorsble atiitude, has been explained. An initial
suction combined with down elevator started r»otation and threw the
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bow deep. The displacement, which Increased suddenly, in
combination with added 11ft on the elevators supplied the necesgary
1ift for ~the bounce before the rotation could be checked. This
analysls was afrirmed by Model Basin tests made at the Weshinghbon
Navy Yerd and reported in the eppendix.

221. Verduzio, Rudolfo: Stresses Developed in Seaplenes While
Talking Off and ILending. HNACA T No. 677, 1932.

Theoretical and experimsntal results of 18 different references
on hydrodynumlc loads are reviewed end compared. Correlation and
enalysis were carried out to arrive at general concluslone regerding
the Influence of angle of dead rise, elasticlity of the structure,
walght of the seaplene, and distribution of loads on the bottom of
the ssaplane during operations in calm water and in rough watsr.

(See also sbstracts 2'36_, 237, and 2_39-.)

Unsteady Longltudinal Forces and Moments - Iéesista.nce

222. Shaw, R. A.: The Effect of Acceleration ond the Drag of the
Sunderlend Eull. .Rep. No. E/Res/l36 A., British M.A.E.E.,
Oct. 1, 19k0. -

An effect of acceleration on hull resistance has been found
from a comparison of the resistance of the Sunderland in take-offs,
steady runs, and -landings Jeduced from estimates of the thrust and
measurements of the acceleratlon. The test results have been
reduced to hull water resistance at the same epeed, attitude, and
load on the water. The conditlons chossn have been those for the
measured teke- of:E‘s , that is, flap neutral, weight of 143,000 pounds,
wind of 9 knots, end elevator neutral. (The ocnly remeining factor in
the ccmparison is therefore the acceleration.) The water resistance
Por take-offs, steady runs, and landings has been compared with the
medel resistance.
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The full-scale hull resistance Iin steady runs wasg Iin falr
agreemont with the model resistance that was also measured at
constent speed. The full-scale resistance in take-off, when the
acceleration averaged 0.1llg, was about 30 percent higher from 20
to 50 knots. The reaistance In landing,when the deceleratlon was
about 0.13g, was 30 to 40 percent lower than the steady-run
reosistance over the same epesed range.

Unsteedy Longitudinel Forces and Moments - LIfE

223. Jones, E. T., end Blundell, R. W.t Force and Pressure Measure-
ments on V-Shapes on Impact with Water Compared with Theory
end Seaplene Alighting Results., Rep. No. F/Res/107,
British M.A.E.E., Jen. 28, 193C.

Introductory.- Measurements of pressure and total impact force
on & V-shape and on seeplene hulls have been mede, end it was desirable
that further tests be made and the complete vesulis compared with the
impact theory.

Range of investigation.-’

Part I. The pressure measurements described in MAEE report F/Res/78%
have been extended to include the effect of translatiomal velocity end
further meesurements of impact force have been made.

. Pert II. The experimental results from Part T are compared with
full-scale work.

Part III. Results of Wegner's theory of impact forces are com-
pared with the experimental results. '

Conclusiong.-

(1) The meesured peek pressure at any point on a V-shape with
straight sides is related to the impact conditlons by the empirical
law : :

ve
= 2
Py cot §



NACA RM No. L6I13 SR 131

EYTRODYNAMICS
Unsteady Longitudinal Forces and Moments - Lifd

cos 9 coB o

fl

wvhere cos ¢

130° ~ 20 = contained angle of V-ghane
o = angle of ineldence at impact
Vn = velocity normsl to the keel

end X is a constant dependent to a small extent on the loading.

(2) The above law has been applied to alighting impect condltions
of the Southampton and Perth seaplenes end to the veritical lmmact tests
on the Singapore Ilc. and very good agrsement with the measured
pressures i3 shown in all cases. Since the plening bottoms of two
of these seaplesnes are curved in transverse sectlon there is evidence

+ the law applies to V-shapes with curved a8 well as straight sidss.

(3} The peak pressure at .any volnt on a V-shape calculated by
Wagner's thasory of impescis exceeds the measured peak pressure, though
the moan pressure over the sectlon immerned st any time agrees well
with the measured mean. Theory shows that the peak pressure occurs
&t, or very close to, the boundary of the pressure swrface so that the
discrepancy between calculated and msasured pressurss ls partiy due
to the comparatively lerge diameter of the diephiagm used In the
measuwrements, over wiich the average pressuve only is registered..

(k) The peak force of impect over a V-shape sgrees well with
that calculeted by Wasner's theory.

{5) Thoory and experiment egree in showlng that a hull with a
s8lightly less transverse curvature then thet of the Singapore Ilc.
would heve a constant peak pregsure between kuel end chinse.

(6) T™eory end experiment agree in showing that the maximm
force of impact occurs at a4 constant Immersion, lvregpectlive of the
striking veloclty. They also 2gree in showing that for this
imiersion the chines of a modern boat soaplane are wWoll clesr of the
water, honce a roduction of beam cn modern practice would. not occesion
an Incresse In normel force on elightings. .

22k, Bottamley, G. BE.: The Impact of & Modol Scaplene Ficat on Water.
Eighteonth Series. R. & M. No. 583, British A.C.A., 1619.

Tests of thres models of scanlens floats wore made at the
Willjem Frouds Nationsl Tenk to dotermine the lmpact recsived by &
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seaplane lending on the water eand the varilation of impact with shape
of bottom, rim, horizontel speed, and vertical speed. The three
models had the same aflexbody and forebolies having flat, stralght V,
and curved V cross sectigns. The models were allowed to drop et
fixed trim, & time history of the verticel posltion wes recorded, and
the maximm Impact was cbieined by taking the product of the dropping
mass and the maximum vertical decelersiion.

It was found that: the flat-bottom float had = greater impact
than eilther of the V-bottoem floats; the stralght V-bottom float had
& slightly smeller impsct than the curved V-bottom float; increasing
elthor the horlzontal spesd or the flight-patih angle increased the
impact; and increasing the trim decressed the lmpzct, especlally
at trims such that the afterbody hit the water first. The results
of the tests have been reduced to an eguation with an empirical
congtant that depends on the trim and the shape of the bottom.

225. Richardson, E. G.t Impect on Weter: A Summary. Rep. No.
B/Arm/Res. 24, British M.A.E.E., Jan. &, 1945.

Reseerch on the impect of solids on waler has been hiiefly
sumrarized and the contribution of each ltem of research ha.s‘been
outlined. The theoretical work has been covered by von Eirmen,
Pebst, Wagner, and Kreps. Experimental work has been done at the
Marine Aircraft Experimental Establishment and the Royal Aircraft
Establishment and at the Okechl Research Laboratory by Watenabe.

£26. Pabst, Wilhelm: ILanding Impect of f Seaplenes. NACA ™ No. 624,
1931.

The theory of the lending impact ls brlefly stated and the
applicablility of a previously suggested formmla is extended.
Theoreticael considerations. regarding impact measuremenus of models
end actual seaplanes sre followed by a brief descriphtion of the
ingtruments used Iin actual flight tests. The report contains &
dsscription of the strength condltions and desls ezhaustlvely with
force measuremsnts on the float gear of a Heinkel HE 9a moncplene
with flat-bottom and with V-bottom floats., The experimental data
ere given and compered with the theoretical results. In general,
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the numerical agreement is satigfactory, except for the influence
of the angle of dead rise, which 1s underestimated by the load
assumptions of the IVL and overestimated by the theory. Several

- calculations are corrected on the basis of the tests. Stress
moasurements on float gesr struts, bottam-pressure mwasurements on
an EE 5 float, and deflection measuremsnts on the bobtom of a flying
boat are also mentioned. The agrsement betwsen theory and practice
is found to be good in the present tests, as well as iIn earlier
Amsrican tests. Attentlon is called to the importance cf sea-

woay measurements and alrplane vibration tests. Imertia coefficlents
are suggested for the development of landing-impact safety factors.

227. Jones, E. T., Dougles, G., Stafford, C. E., and Cushing, R. K.:
Measuremente of-Acceleration and Water Pressure on & Seaplane
When Dropped into Water. R. & M. No. 1807, British A.R.C.,

1937.

. Reagons for inguiry.- Measurements of the acceleration end
_water pressure on a boat seaplane when dropped into water with zero
forward speed were required for comparison with measurements ‘made
during teke-off and landing.

Rangs of investiggtion. The seaplans was d:::opped. from a crane
into the sea from graded helghts up to 12 feet end the acceleration
measured in the hull and different parts of the structure. The water
pressure over one transverse section of ths hull bottom was also
measured and the seaplane was Inspected after each impact for
failures in the struciure.

Conclusionsg.~ It should be noted with the conclusions that the
8eaplane under test had finished a normel service career.

A% the maximm impact veloci"‘y (27.5 £t/sec) of the teste the
normal acceleration was 9g, the moximm intensity of pressure
3% pounds per square inch, the maximm force per inch lemgth of hull
over a transverse section slightly chead of the stop was 2400 pounds,
end +the mean pregsure over thls section et the time of maximm force
was 17 pounds per squars inch.

Superficial fallures in the structure were ildentified at L.lg,
major failuvres et 4.6g,and buckling of the hull side at L.6g. On the
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other hand, ’chere was no sign of distortion or fallure of the planing
'bottom at the end of the tests. .

The pressure results could. have been predicted with good accuracy
from M.A.E.E. Report F/Bes/TB on "Some Measurements of Pressure over
a V Shape When Dropped into Water.® By coincidence the most severe '
test produced pressure results of about the same magnitude as the most
gevere landings in sbstract 23€, but a comparison of these data shows
that the pressure glven on landing depends little on the vertical
veloclty at lmpact but mostly on the forward speed aad attltude.

228, Batterson, Sidney A.: The NACA Impact Besin and Water Tanding
Tests of a Float Model at Various Velocitles and Welghts.
NACA ACR No. ILAM15, 194k,

The first data obteined in the United States under the controlled
testling conditions necessary for establishing relatiomships among the
numer'ous parameters involved when s floet having both horizontal and
vertical veloclty contacts a water suwxface are presented. The data
were obtelned ot the ILangley ilrpsct basin, which is described in
detail. The report is confined to a presentation of the relation-
shlp between resultant veloclty and impact normal acceleration for
various floet welghts when all other parsmetors are constant.
Analysls of the experimental results indicated that the impect normal
acceleration wes proportional to the square of the resultant veloclty,
that increases in float welght resulited in decreases in impact rormal
acceleration, and thet an increase in the £light-path angle caused
increased Impact normel acceleration.

220. Abel, G. o Water Tests on a Sunderland Flylng Boet.
Rep. No. F/R 8/133, British M.A.B.E., Sept. &, 1939.

Rough-water tests were conducted on a Sunderland f£lying boat to
determine the feaslbility of its operation from Malta. Preliminary
tosts were mde at Fellxstowe in & 3~ to 5-foot swell and further
tegte. were made at Malta where water pressures and accelerations were
moasured et loads Ffrom 46,000 to 51,000 pounds in different ses and
wind conditions {swells as high as 6 £t).

The flying boat took off and landed successfully in Marsa Sclrocco
Bay at Malta under practically all the conditions experienced. The
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highest acceleration was 3.8g obtalned in a landing during the
preliminary tests at Felixstowe.in which the planing botitom waas
slightly demaged. The highest water pressure measured was 1h4.8
pounds pser sguare inch on & lapnding, the acsceleration for which

was 2g. . After & number of take-offs at Mairsa Scirocco Bay both wing-
tip floa.us were Tound to be dameged; an acceleration of 2g had been
recorded five uimes before the failure

Difficulty was experienced during take-off In rae.inta.ining a
strelsht course into the wavea. Pllobting technlgue In the various
gseaways wes dlscussed and 1t was noted that excellent piloting may
" have considerably affected the measured results.

230. Batterson, Sidner A.: Variation of Hydrodynsmic Impact Loads
with Flight-Pa:bh Angle for & Priematic Float at 3° Prim and

with a 22— ingle of Dead Rise. NACA EB No. I542h, 1945.

Tests were maa.e in the Langley Impact basin to determine the
reletionship between IZmpect normal acceleratlon and flight-path
angle y for seaplenes lending on smooth weatsr. The tests were
made at both bhilgh and low forwaid speeds with the model et 3° trim.
The model hed e dead-rise angle of 22%0 and, with the drop linkage,
welghed 1100 pounds. The results of the tests indicstbed tha the
maximum inmact normzl acceleration wasg proportionel to ’r’ -3 over
the test range of flight-path angle and that the effects of gravity
forces gppeared during the Ilrmersion process after normal acceleration
had occurred. .

23L. Batterson, Sidnery A.; and Stewasrt, Thelma: Variation of
Bydrodynamic Impact Loads with Flight-Path Angle for &

Prismatic Float at 6° and 9° Trim end & 25%’9 Angle of Dead
Rise. NACA RB No. 15K21, 1gh6.

Tests were made in the Lengley impact basin to debermine the
relationship between impect normal ascceleration and flight-path
angle Y for geeplanes landing on smooth waber. The tests were mads
at both high and low forwsrd speeds and at trims of 6° and 9°. The
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(o]
model had & dead-rise angle of 22—21-'— and a gross welsht of 1100 pounds.
(2040 1b from data). The vesults of the tests indicated that the
maximm impact normal ecceleratlion was proporitional to Yl‘% for
6° trim and y1'33 for 9 trim over the test vange of flight-path
angle. It was further cbserved that at low flight-nath engles
there was e predominance of the dynamlc forces sxising from the
downward deflection induced in tho water impinging on the float
bottom; whereas at high flight-path angles the forces resulting from
the virtusl masse predomineted. The meximm depth of Immerslon and
the immersion which occurved at the Instant of maxlmam normel Force
showed very little effect of trim.

232, Batfterson, Sidney A.: Variation of Hydrodyncmic Impact Loads
with Flight-Path Angle for a Prismatic Float at 12° Trim
smﬁéwith & 22X ingle of Dead Rise. NACA RB No. I5K2la,
1946,

Tests were made in the Langley impact basin to determine the
relationshlp betwesn impact normel acceleraticon and flight-path
angle Y for seaplenes landing on smooth water. The tests were made
with varying resultent velocities with the model at 12° trim. The

o]
modol had & dead-rise angle of 22—35 and its totel welght was 1100 pounds.

The results of the tests indicated that the maxiwm impact normel
acceleration was proportional %o yl.22 over the test renge of flight-
path angle and that the maximm normal impact acceleration occurred
prior to or at the instant of chine immeraion. '

(See also sbetract 96.)

Steedy Latersl Forces and Moments

(See ebstract 280.)
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233. The William Froude llatlonal Tenk Staff and Grigg, 4. D.:
Experiments with Models of Seaplens Floats. Ninth Series.
R. & M. Fo. 188, British A.C.A., 1919.

The majority of single-floet seaplanes are wmstebls in heel and
are stebillzsd by the wing-tip floats and the dynsmic action of the
water flowing along the bottom of the main float. - A rsasure of the-
transverase instability of three models of flying-boat hulls (without
wing-tip floats) was obtained at the William Froude Natiomel Tenk by
ascertelining the verticel farce required at the position.of the wing-
tip float to keep the wing tip just out of wabter at verlous speeds.
It was found that this force decrsased with lncreasing speed and
became zero at hump speed. The same general result was found for
all three models, which differed only in the Wransverse shape of the
bottom. The transverse siteblllity of & flying boat wmder way and
considerations in the design of wing-tlp floats are discussed.

(See also abstracts 20h and 332.)

Steady lateral Forces and Moments - Yawing Moment

234k, Tocke, F. W. S., Jr.: Some Yawing Tests of a 1/30-Scale Model
of ‘the Hull of the XPB2M-1 Flying Boat. NACA ARR No. 3G06,
1943,

The results obtained from yawing tests of a-gl'é—-scale model of
the couplete hull of the XPB2M-1 (Stevens model 404} are shown to be
in substential agreement with preliminsry full-scale flight tests on
the flying boet. The model btesgts cover the entire range of speeds up
to get-away, on the bzasis of the designed gross weight of the flying
boat (140,000 1b).

Reporte of preliminary £light tests of the XPB2M-1 flying boat
indicated that there was a definite tendency toward dlrectional
instability in the vicinity of the hump. The modsl tests show that
the hull is unstable at speeds.up to and just pest the hump. It was
found that, within the range of speed coefficient Oy from 2.0 to 2.5,
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the curves of yawlng moment are dlscontinuous at small yew angles
and this result has been assoclated with the difficulty found. in
the prelimina.ry flight tests.

(See also abstract 279.)

Forces and Mocménts - Pressure Distributions

235. Locke, F. W. 5., Jdr.: Investigation of Bottom Pressures and
of the Effect of Step Ventilation on a Seaplene Hull.
Rep. No. 173, Stevens Imst. Tech., Dec. 1k, 19h1.

Tests were made to determine the pressuve distribution over the
bottom of a seaplane hull and the effect of step ventlletion on the
pressure distributlon, resistence, trim, and rise at load coefflcients
of 0.456, 0.913, and 1.826. A few tests were mede with the step
(depth, T percent beam) venitilated to determine the directions and
approximete magnitudes of the local flow velocities at various points
on the bottom. A mixture of lampblack and linseed oll, which would
gtreak out from a spot source, was used. Reslstance tests of the
forebody alone were mede with the object of defining the maximum gain
posslble by step ventilation.

™e observed pressure (referred to the undisturbed water level)
on the forebecdy botitom started fram a positive peek and then gradually
decreased until at the step the pressure was negative. On the after-
body the pressure was first negative, then positive, and then
decreased to negative at the stern. Ventllating the mein step caused
only small changes in the pressure distribution.

Ventilating the main step resulted In a slight reduction of
resistance in the hump region at the light and medium values of load
coefficient but had no appreclable effect at the heavy load coefficlent.
By testing the forebody alone, at the same atiitudes as the complete hull,
1t was found that the resistance was reduced slightly less than 20 per-
cent in the region of the hump. This gain is presumebly the meximum
that might be effected by step ventllation. Actually, ventilation
reduced. the total resisbtance zbout 5 percent.

-
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236. Jones, E, T., end Davies, W. HE.: Measurement of Water Pressure
on the Hull of a Boat Seaplene, R. & M. No. 1638, British
AJR.C.,y 1935.

Introductory.- The object of the tests was to provide data for
the deslgners of boat seaplanes.

Renge of investigatlion.- The pressure over the hull bottom of
& Southampton boet seaplane has been recorded at 23 stations during
a2 serles of normel landings and take-offs at different welghts and
during ebnovmal landings at one weight. The pressure hes also been

recorded during tele-off and landing in & 3-;‘-—1"0013 son.

During two of the gbrnormal landings where the rate of descent
at impact was high the pressure distribution and the noxrmal force
on the hull has been deduced. :

Conclusionsg.- The intenslty of pressure durlng a normal landing
nede in calm water is higher than during the teke-off. The area
over whicn the pressure extends is from the front step to a point
along the kesl about a beam length forward of the fromt atep. The
mean, pressure intensity over this area irvespective of time is
abovt 7 pounds per square inch at the normal losd {13,300 1b) and
' varies epproximately as WL-T (where W is weight), while the mean
simnltaneous nressure is only about 4 pounds per square inch.

Iocal pressures of approximately 30 pounds per square inch were
recorded twlce, once close to the keel and about 3 feet forward of
the front step during a stalled lending with stdosllip and with &
rate of descent of 9.5 feet per second and once cloge to the front

gtep during a etalled lendinz at very high attitude.

Very high pressures are not reglstered over a large area
simmltaneously. The largeat area over which a pressure greater than
25 pounds per squere inch was rogistored was about 11 squarc feet,
but the corresponding simmltenecus pressure over this erea was only
14 pounds per squere inch. In goneral, the similtaneous pressure
distribution !s only shout half the peak distribution.

The preasure aft of the front step is negliglible in normal

landings end tho highest pressurc reached in an gbnormel landing waes
T pounds per square inch at the rear sghop.
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High pressures are distributed over & larger area during normal
lendings and take-offs in & rough sea than during abnormal lendings
made in a calm see, and i1t is possible that normal tests made in
4-foot sea accompenied by & swell would give pressures exceeding
those during abnormal tests made in & calm sea. Fram 5 feet forward
of the main step to the mein step the hull skin has progressively
dlstorted during the tests and some fractures have occurred. Since
the hull was in good candition emd had made 400 lendings in the
course of three years' normnl service uge prior to these tests, 1t
would appear that the hull design is adequately stiff to rest
gorvice requirements, though it shonld bo mentioned that no heavy
geas had been encountered during this pexiod.

237. Thempson, Fo L.! Water Pressurs Distribution cn e Flying Boat
BEull. NACA Rep. No. 346, 1930.

The results of the last of a serlies of three investlgations by °
the Natienal Advisory Commitiee Tor Aercnauvtics of the water pressuvres
on seaplane floats and hulls are presented. The tests copsiasted of
determining the water pressures and accelerations on a Curtiss H-16
flying boat during landing snd taxying meneuvers in smooth end rough
water.

The results show that the greatest water presgsures occur near
the keel at the meln stepn, where the maximmm pressure is approximstely
15 pounds per sguare incn. From this polnt, maximumn pressures
decrease in magnitude toward the bow and the chine. Pressuresof
approxiuately 1l pounds per square inch were experienced at the keel
8lightly forward of the middle of the forchody when taking off in
rough water. The area of the forebody subjected to considereble
pressure is roughly a triangle having its bass at the step and ite
apex on the keeol at the forwerd load water line. On the afterbody
bottom, a maximm pressure of 8 pounds per square inch is nearly
uniform. A vortical acceleration of 4.7z is the greatest value
encountered in landings end 18 considerably greater thun any other
value recorded. It was found that 3g is cpproximately the maximmum
to be vxpected in taks~offs in rough watey and that this value was
excoeded during only & few landinge. A longitudinal acceleration of
0.9g was attained once In a landing in xough water, snd 0.7g 1s not
unusual for take-offs in rough water. The maximm lateral acceleration
attained In cross-wind lendings is approximately 0.5g. The results
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show that the la.nding loads werse usua.lly- borne by an aree near the
main step and that rough water may cause large loads to be applied
near the middle of the ferebody. .

2338. Thommson, F. L.: Wator-Pressure Distribution on a Seaplane
Float. NACA Rep. No: 290, 1928,

The investigation :'epo:rbed. herein was conducted to determine
the distribution and magnitude of weter pressures likely to be
experienced on seaplane hulls in service., It consisted of the
development and comstruction of apparatus for recording water
pregsures lasting one one-hundredth second or longer and of flight
tests to determine the water pressures an & Vought UO-1 seaplane
float under verious conditions of taxying, take-off, and landing.

The apperatus developed was found to operate with satisfactory
accuracy and is suitable for flight tests on othar seeplemses.

The tests on the UO-1 seuplans showed that mexirmm pressures of
about 6.5 pounds por sguare inch occurred at the step for the full
width of tho float bottom. Procseding forward from the step the
maximm pressures decrcased in magnitude uniformslly towsrd the bow,
and the region of highest pressures narrowed towurd the keel. }
Imedietely ebaft the step the maximum pressures were very amall butb
increased in magnitude toward the stern, where & value of a.'bou'b
5 pounds pér square inck wes reached once.

239. Thoampson, F. L.t VWebter Pressure Distributlon onn a Twin-Float
‘Seaplane. NWACA Rep. Ho. 328, 1929, _

The results of the second of & serles of invéstigations o -
determine water-pressure distribution on various types of seaplane
Tloat and hull sre presented. Meesurements were made of the water
pressures end accelerations on a TS-1 twin-float seaplane during
numerous landing end taxsing maneuvers at veriocus speeds a.nd. angles.

‘ The results of this investigetion show thet water pressures as
great as 10 pounds per square inch way occur at the step in various

maneuvers and that pregsures of approximately the same magnitude occur

at the stern and nesr the bow in hard pancelke landings with the stern
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well down: At other parts of the float the pressures are less and
are usuelly zero or slightly negative for acme distance gbaft the
step. A mexirmm negative pressure of 0.87 pound ner squere inch
was measured immediately ebaft the step. The maxiimm positive
pressures have a dwabtion of aspproximately one-itwentleth to one-
hundredth second at any given location and are distributed over a

- very limlted area at any particular instant. The greatest acceler-
ations measured normal to the thrust 1ine at the center of gravity
occurred in panceke lendings, and a meximum of 4.3g was recorded.
Approximate load-distribution curves for the worst landing .
conditlions are derived from the data obtained to serve a8 & guid.e
in static tests.

(See also ebstracts 15, Bg, 83, 171, 134, 227, 327, and 401.)

Spray end Wake

2hk0. Locke, ¥. W. S.', Jdr.: An Anelysis of the Main Spray Character-
istics of Sams Full-Size Multiengine Flying Boats. NACA
™ No. 1091, s 19h5.

An analysis is mede of availaeble full-scale and model data on
the helght of the main spray at the propeller plane of modern multi-
engine flying boata. The results axre presented in both tabuler and
araphical form.

Scele effect on the height of the sprey was observed and is
indlcated graphically. Difforences in the helght of the spray are
attributed to scale effect in the Weber number and to the effect of
slipstream, as the models were tested without power.

It was found that, wilth fixed load coefficient and forebody
length-beam ratio, Increasing the beam will increoage the spray height
at a slightly greater rate than would be expected according to the
Froude lew. By an adjustwent of the data to & common beam, a
correlation of spray helght and forebody leng‘ch-bea.m ratio indicated

thet an increase 1n forebody length~beam ratio apprecia‘bly reoduced
the height of Bpray.
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The resulte should be useful in preliminary design for destemining
the height of hull necessary t¢ keep the propelliers clear of the maln
sprey. These decign curves are specifically for multliengine flying
boats of generally conventional design.

241, Parkinson, John B.: Design Criterions for the Dimensions of the
Fovebody of s Long-Range Flying Boat. NACA ARR No. 3K08, 19k3.

A correlation is made of the gross-—load coefTiclent and the fore-
body length--beam ratlo for a limited number of present—-day multlengline
long-range flying boats for which the spray characteristies are known.
The spray criterion and the derived relationships permlt & cholce of
dimenslons of the Fforehody for various degrees of seaworthiness end
permit the evaluation of the relatlve effeoct of forebody length, bean,
and length~beam yatlio for a proposed deslign.

It is concluded thatv the gross—load coefficient for couparable
Bpray characteristles varies as the square of the forebody length-beam
ratio. The forehody length has a relatively greater influence than
the beam on the low-8psed spray characteristics., When the length and
the begm are both varied to maintein comparshle sizes of forebody,
the effect of length 18 not 80 pronounced as when length alone is
varied. IJarge increeses 1n lengbth-beam ratlo ars requirved for
comparable sizes of hull to obtain g definite improvement in the apray
characteristica. Compareble spray characteristics may be obtalned with
a smeller forebody by use of high lsngth--beam ratios.

The spray characteristics of the various flylng boats are
satisfactorily related by the equation

o

where
Cp,  @ross—load coeffiolent (Ab/wb3)
Lf/b forebody length—beam ratio

k & constant that apparently varies approximsitely linearliy with the
the severity of the spray characteristics and has the following

values:
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0.0525 for very light spray
.00T5 for satisfactory epray
.0825 for heavy spiray
0975 for excesslve spray

242, Truscott, Starr: The Effect of Spray Stripa on the Teke-OFff
Porformence of & Model of & Flying-Boalt Eull. NACA Rep.
Wo. 503, 153h.

The efifect on the take-off performance of a model of the hull
of a typlcal flying boat - the Navy FH-1 - of fitting spray strips
of four different widthe, each at three different angles, was
determined by resistonce-model tests in Langley tank no. 1.

Spray strips of widths up to 3 percent of the beam improve the
general performence at speeds near the hump and reduce the spray
throvn. A downword angle of 30° to L5 in the neighborhood of the
step seems most favorable for the reduction of the spray. The spruy
atripe hove g large effect in redveing the triming moaments at speeds
near the hump speed but heve little offect on them at high speeds.

1. 1 e
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243, ¥Xing, Douglas A., z2nd Mas, Newton A.: XEffects on Low-Speed
Spray Characteristics of Various Modifications to a Powered
Model of the Boeing XEBB-1l Flying Boat. NACA ACR NWo. LSFO7,
1945, '
1
A i-a—sizs powered dynemic model of the Boeing XFPBB-1 flying

boat was tosted in Langley tank no. 1 to obsorve the affects of trim
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end powered propellers, of lengths of forebody and a.ftefbody, end of
various spray strips upon the low-speed spray charecteristics.

The effects of powering the propellers were to decrease the trim
and to pick up spray that would not hit the propsllier disks when the
propellers weres windmilling. Decreasing the trim raised the height
of the sprey with respect to the hull.

Changes in the length of forebody or afterbody thet incrsased
the ratio of forebody length to afterbody length increased the trim
and reduced the intensity of spray in the proveliers.

Spray strips having the form of thin plates projecting vertically
downward from the forebody chines were found to be veory effective in
preventing spray from siriking the propellers. Fillsts belween the
gpray strips and tho bottom of the hull marksdly reduced the effsctive-
ness of the sprey stilps. The unfilleted vertical spray strips were
about as effective in comitrolliang the spray as spray strips of the
sepe length having a downward angle of 30° end exbtending out from the
chine to increzse the beam by almost 13 percent.

2. Bottomley, G. H.: Experiments with Models of Seeplene Floats.
Eleventh Series. Part TII. The Wave Formations Produced by a
Seaplane of ‘the Single Float Type. R. & M. No. 365, British
A.C.A., 1919,

Tests were made of & seaplane float at the Willlam Froude Natlanal
Pank to investigate the combtours of the waves behind the Fforebody slone
and behind the forebody end afterbody in combinastion. - Transverse
sections of the waves at several distances behind the model were cbtalined
by means of graduated pointers moved up and dovm €0 as to touch the
water surface. '

The effects of trim, speed, end draft were obeexrved for the fore-
body of a btyplcel model. Forsbodies having a flat bottom, a rounded
bottom, and a rounded bobtom with chine flare were tested at only one
trim end draft but several speeds.
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Similar tests were made in conjunction with various afterbodles
in vwhich the shape of the bottom, the beam of the second atep, and
the longitudinal position of the second step were varied.

245. Locke, F. W. S., Jr.: "Genersl" Main-Spray Tests of Flying-Boat
Models in the Displacement Pange. HNACA ARR No. 5Aa02, 1945.

A nethod is presented for showing, by means of three curves, the
locatlions of the polnts of tangency to the envelope of the main-spray
blisters generated by flying-boat-hull models, as obtalned from :
"genoeral® tests in the speed renge up through the hump (displacement-
speed renge). For a given model theore is ons curve each for the
longitudinal position, the lateral position, and the vertical
position of the polint of tangency of the main-sprey blister wilth the
creat of the envelope; sach curve reprosonts all the date teken at
all ccmbinatione of losd end apoed in Trce-to-trim btests with a given
position of the center of gravity. The relationships used are

oxfont3 = gy /e 3R for longitudinal position
Cyfunt/3 - ¢2{cve/cél/ 3) for latersl position
Cz‘/CA = ¢3' CVE/CAl/s) for vertical position

in which Cx, Cy, and C, are position coefficients based on beam,
Ca 18 the load coefficient, end Cy 18 the speed coefficlent.

These three relationshipe are tested by applying them to the date for
geven different models and are found to be reasonably satlisfectory
for =211 the models. This method should be useful for extrapolating
the limited data ordinarily obteined from specific tests, for reducing
the nurther of tests reguired to obtain adequate indications from
general teats, and for compering null forms of ths same general type.
It is intended.tc supplemsnt, rather than to supplant, the method
involving two-view dyxewinge of the spray previously developed.
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2hk6. Olson, Rolapd E.: Investigation of the Effect of Spray Strips
on the Low-Speed Spray Characteristics of a 1/8-Size Model
of the Consolidated PB2Y-3 Flying Boat - NACA Model 116E-3.
NACA MR, Bur. Aerc., Jan. 27, 1943,

Because of the excessive spray in the propellers of the
Consolidated PB2Y-3 flying boat at loads heavier than the original
design gross weight (56,000 1b), various spray strips were installed
on & powersd dynamic modsl and investigated. to determine the most .
practicable drrangsment.

It was found that results from investigations of the spray
characteristics with models are subJject to an apprecisble error if
the effects of slipetroam on the spray pattern sre not included.
Sprey strips were developed which succesasfully eliminated the spray
in the propellers at loads up to 72,500 pounds.

247, Truscoth, Starr, and Daniels, Charles J.: Investigation of
the Effect of Vontilation on the Flow of Water over a
Rounded Chine. NACA RB, Feb. 1943.

In aerodynemic tests a flow of alr across the sharp chinss of a
conventional flying-boet hull, which was probably responsible for
considerable air drag, was, noticed. An investigation was made to
determine the possibility of replacing the conventional sharp chine
of a hull by & rounded surface in which the desired separation of
the water at the chins during take-off and landing is ind.uced. or
aided by ventilation of the chine. (See fig. 1.)

It was sesn that the alr flowing from the slot caused the water
to bregk free of the curve of the bottom and that the height to which
the spray was thrown was determined by the position of the slot; &
low position caused the spray to fly low and a high position caused
1t 1o rise high. The action of the slot was improved by introducing
the air approximately tengentially. (See fig. 2.} : This configuratim

i .,

{/‘1’3 Figure 1.- / Figure 2.-
Radilal slots. Horizontal slct,.

-
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pravented the rising water as it crossed the slot from sncountering
a surface that would deflect it toward the intorior 5f the hull., Nons
of the errangsments tested gave spray patierns so dessirabls as those
from a planing surface with conventional sharp chines under parallel
conditions. '

2h8, Olson, Roland E., end Daniels, Charles J.: Investigation of
the Low-Speed Spray Characteristics of the Wavy PBN-L
Alrplene - NACA Model 124E. NACA MR, Bur. Aero.,
Mal‘ch 19, 19h3.

The spray from the bow of the original FWevy PBN-1 £flying boat
at taxying speeds wes thrown up over the forward deck, wetting the
forwverd gun turret and the pllot's windshield. This undesireble
spray was reduvuced by the addition of spray strips on the ¢hines at
the bow. The manneér in which the spray could be controlled by the
fit'bing of svray strips wees investlgated In Langley tamc no. 1 on

a g-sive poweraed dyna.nﬂ.c model.

The low~speed snrey cheracteristics of the basic model with the
Neval Aircraft Fectory chine strips (slightly increased length and
‘breadth of the bow and & 30° down flare at the chine) sppeared to be
satisfactory for simlated loads up to 35,000 pounds in both emooth
znd rough water. With this modification, increases 1n gross weight
apneared to be limited by possible spra.y damege to the propellers
rather than by spray over the bow.

2hkg, Locke, F. W, S., Jr., snd Bott, Helen L.: A Method for Making
Quantitative Studies of the Main 8pray Characteristice of
Flying-Boat Eull Models. NACA ARR No. 3¥1l, 1943. -

A rethod and apparatus for making quentitative tests of the
spray charectexyistice of {lying-boat-hull models have been developed.
Three-view photographs are-taken oan one negative with the ald of
mirrcrs, measurements ers made from the photogrephs, snd the results
are presented in the Toxrm of cheris that show the side view and the
Tront view of the envelope curves of the principal feabtures of the
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gpray a8 functiong of spoed end load. The spray envelopes are
located on these cherts with rgference to the model so that, by
superimposing & transparent drawing of e pronosed complete flying
boat, interference of =zpray <rith parts of the flying bost may be
detected at a glance. :

The method is spplied to three related models of flying-boat
hulls that @iffer in desd rise. Sprey and roach cherscteristics in
gmooth water are consldered. The modsls had no tail extensions and
were not self-nronelled..

F'r-cm tho reaults o'bta*nerl, it 1s concluded that angles of deed
rise larger than sre ordingriiy employed produce slightly lower sprey
blisters in the low-speed renge and thet amaller angles of deed rise
ars gulte undesirsble, egpocially at 2igh speecds. % is conclunded,
also, thet the rozch at the stern, which may inberfere wlth the tail
cone et apeeds Just prior to the hump, becomes lower as the angle of
dead rise 13 increased.

_ In the sppendix, a rovicw 18 made of the probleom of scals effect
in sprsy measurcments on models. Apart from cuestions regarding the

effect of propeller slinstream, modsl and Flying boet may bo sxpected
to have strikingly similar spray under correaponding conditioms.

250. Stout, E. G.: Model 31 - Bydrodynamic Charscteristics. Rep.
No. ZH-31-012, Consolidabed Aircraft Corn., March 19k1.

A svmmary of the dovelc.opcmsnt of the Consolidated model 31 flying
boat iz presenied.

The original hull was patbterned efter a successful DVL hull butb
had extensive modifications to irmprove the structure and to simplify
menufacture. After comstruchtion was wnder way, the ste:o wes moveé.
forward on the basis of tests of s Jynemic model.

Flight tests of the f£ilying boaet showed that the svpray was very
heavy. The stable range of center-of-gravity position was extremsly
smeli {about 2 percent M.4.C.); there was a strong tendency for the
alrplane to Jump into the =ir on take~-off befors the pilot was ready
to leave the water; znd lendings wsre unsitzble.



150 L -] NACA RM No. L6IL3

EYDRODYNAMICS
Spray and Weke

The wing-tip floats gave extensive trovble until they were
redeslgned on the basis of dg:mc-moael tosts made by the Consolidated
Alrcraft Corporation.

Tenk teats of a dynamic model were mede by the WACA to invsstigate
modifications that mlght improve the spray charecteristics. As a
result of these and other teste, the flying boot wes modified by
meking the forebedy lines less bluff, by dropping the forebody hull
to meke the step deeper, by changing from a stralght step %o &

300 V-gten, and by moving the step forward. These changes resulted
in inrnrovoment in all hAyirodynamic cherccteristics except landing
gtabllity. The best landings were pede by eitiaer & full-stall
approach or a fast low-trim spproack with flaps reotracted rapldly
upon contact wlth the water.

Dymemic-model testing was dsveloped in this country by the
. Consolldatved Aircraft Corporation at about the same tims model 3L
vas dosigned. The basic deglgn of model 31 was complote end
construction hed been sturted before any hydrodynamic tests were mado.
Ead the rolieble tosts poesidble today beon avallabls Yor study during
the ocarly deslgn stages, meny baslc errors could have been zvolded.

251. Pierson, J.3 Model XPB2M-1l - Towing Basin Spray Studies at the
Wing Flaps. Appendix 4 by C. E. Kshlke, Jr. Rep. No. 1678,
The Glenn L. Mertin Co., Aug. 25, 19k2.

Brief tests wore mede at the Stevens tank on o 33-(')~size nodel of
the Martin XPB2M-1 flying boat fitbted with tubes and wires
representing the leudling and tralling edges of the flaps, respectively,
to Investigate the exlent end helght of the sprey in the vicinity of
the flaups. Incresaing the gross load reised the helght of the sprey.
L heol of 5° caused the Snray on tho down side to rise higher and to
be closer to the side of the hull.

Appendlx A glves the results of tests made to investigate the
effocts of variouns modiflications to the Fforebody chine on the apray
near the flaps in the heoled condition. Adding spray strips which
oxtended beyond the sides of the hull or increaging the chine flare
adequately provented spray from hitting the fleps. Some resulis of
teats of three forcbodlos without afbtorbodies are shown.
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252. Anon.: Note on Some Tenk Tests on & Modified Bow Form for the
©  Skort Sunderlend. Rep. Fo. B.&. 1618, British R.A.E.,
June 1GL0.

Tank tests were mede to determine the reducition In spyray
through the propellers Juring teke-off at heavy overloads due to
nodification of the hull lines near the bow. The modification
consigted in moving the chines newr the bow outward and downward
and giving the sections more down flare near the chines.

Specific resistence tests vere made forr two grozs losds and
Tive trims at speeds from rest to get-away. Dynamic model tesia were
made to determine the surey and porpoising characteristics in smeoth
-Water end in 3-foot wuves (Ffull size) of varying weve length. The
results obtoined from the modifled form were cormpsred with the resulis
of standsard hull forms wnder the same condlitions.

‘Thé spray In the propollers was most severe hotween 15 and
20 knots and wes heaviest in tho inboerd propellers, which 1is in
egreoment with full-scale results. The modified form gave a vory
glight Improvement in the rsnge of spsed ovor which the propellers
were webtted in a short wave. The intensity of wotbing, however, wag
.&bout the same in both cases. The modificd and stenderd forms had
siniler porpoising cueracteristics. The »eslsbonec of the modified
form was slightly lowor =t the lower speeds end atbtitudes.

253. Locke, ¥, W. B,., J».: Samwm S,“'stématic HModsl Experiments of the
Bow-Sprey Characteristice of Flying-Boat Hulls Operating at
Low Speade In Weves. NACA ARR No. 3IO%, 1943,

Tests were run in the Experimentel Tcowlng Tenic 2t the Stevens
Ingtitute of Technology on models of three flying boats, the XPB2M-1,
the XFBB-1; and the JRM-1 anl on 11 other models derived from the
XEB2M-1 to detexrmine the effect of bow form on the emount of spray
,throvn onto the windshield of s flying bost In rough water at low
taxying speeds. The varisbles studied include the effect of length-
beam ratio, the effect of hull dead rise, the effect of forsbody
warping, the effect of cheanges of the bow alone, and tha effect of
angle of afterbody keel.

The results obtained Trom tests of these models indicated thatb
the height and the volumes of spray sb the windehisld can be reduced
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by (1) increasing the hull length and especially the forebedy length,
22) increasing the "sharpness" of the bow lines below the chine

3) increasing the static trim when the bow form 1s such that
relatively bad sprey otherwise occurs, and (%) decreasing the water-
borne lcad. These chenges arse listed approximstely in the ordsr of
their importance from the point of view of reducing spray.

It was concluded that any chenge in bull form which softens the
Impact between hull and waves tends to reduce the spray thrown onto
tho windshleld at low speeds.

254, Land, Norman S,, end Woodward, David R.t Sprey and Stability
Cheracteristica of & Dynamic Modsl of the FPBE2Y-3 Alrplans
with Transversely Arched Bottoms - NACA Models 165B and 165C.
NACA MR, Bur. Aeroc., March 27, 19k,

Several attempts have been made to reduce the excessive bow sprey
encounteorsd on some Flyilng boats. Some of these attsmptis have besn to
campletely redesign the hull to an uwnconventional form. One form
that offers almost complete freedom from external how spray is the
tunnel- or archod-bottom hull. This report desoribes preliminary
stabllity and spray tests made in Langley tank no. 1 of & powersd
dynamic model with various configurations of arched bottoms.
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The limited experience gained with ths archad-bottom hulls that
wore teated leads to the conclusion that IT satisfactory stabllity
characterietics are to bs obtained the design of the afterbody and
step must be such as to provids a large afterbody clearance,

255. Lend, Normen S., and Woodward. David R.: Tank Tests of a
1/8-3' ~-Sige Dynemic Modol of the Consolidated Vultes PB2Y-3
Airplans wlith a Lengthensd Forebedy and Afterbody and Varisus
Mcdifications of the Step. NACA MR, Bur. Asro., March bk, 19hk,

Tests were made for the purpose of determining the effect of a
lengthened bow and afterbody on the spray and longitudinel hydro-
dynamic stability. A 27-percent incrcase in the length of the bow
and a 20-psrcent increase in the length of the afterbody (increass
in length-beam ratio fram 5.18 to 6.41) practicelly eliminated the
spray passing through the propollers at a gross load coryssponding
to 76,000 pounds full size. A% & gross load of 95,000 pounds full
size, the bow spray of the model with the lengthonod bow appearsd
less severs than that of the besic model at a gross load of
76,000 pounds.

Increasing tha depth of step grsatly lumproved the take-off and
landing instability, Comparable stability betusen trensverss gnd
30° V-steps could be obtained on this modsl only by maeking the
transverse step as dsep as the 309 V-stop at its keel.

256. P&rkinsrn, John B,, and Dawson, Jomn R.: Tank Tests of a Model
of the Hull of the Boeing 314 Flying Boat tov Invesbtigate the
Wave Formation at Low Speeds (N.A,C.A. Modsl 72-P). NACA MR,
Bosing Aircraft Co., Jan. 19, 19150.

Tank tests wore mads of a J—%—size model of the hull of the

Boaing 31k flying boat to obtain data on the wave form around the
hull in the vicinity of ths stub-wing etebilizers. The profilcs

of the wave form were obtained by using a parallsl-motion dsvice,
which was arrangsd to trace the interssction of the.wator surfacs
and a series of vertical planes parallsl to the plans of symmsthry

of the model. The data wers taken with the model froe to trim At
three diffasrent conditions of heel and yew. A numbor of phetographs,
including & set of stereoscopic photographs, are given to illustrate
the flow around the model.
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257. Billett, H.: Tank Tests on Special Clean-Running Floats for a
Twin Float Seaplams. Rep. No. Aero 1719, British R.A.E.,
Dec. 1941,

Teats werc made to develop clean-running floata that would be
sultable for an exlsbting type of twin-float seaplans.” Spray between
the standard floats Yesulting from the meeting of the itwo bow blisters
entersed the propellers in excessive amounts. A pair of floats was
designed baving the whole of the planing bottoms arrangsd on the
outer sildes of the floats. (Seo £ig.) These fléats were fournd to bo
olean-running and to have porpoising, water-resistance, and directiorml-
stabllity characteristics as good as thoss of good conventional floats
but probably highor air drag. Attempts to reduco the alr dreg
introduced directional instebility. .
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General cross-gectional
form of hull at step

258. Land, Normen S., and Woodwerd, Devid R.: Tests of a 1/8-Full-
: Siza Dynamic Model of the XP4Y-1 Airplone with Spray Stripe -
NACA Mpdel 143E. NACA MR, Bur. Aoro., Nov. 20, 1943.

Tostes wsre made of e powered dynemic model of the XPUY-1 air-
plane agquipped with spray strips in an attempt to improve the spray
characteristlcs of the original modsl. The tests of the modified
nmodel were oxtended to determine tho effect of acceleretion during
takeo-off on the limits of stahble locations of the conter of gravity,
the effects of ventllatlon on landing stabillty, and the offect of
reducing the span of the flaps Trom full span to spproximately half
span.

It was found that the spray atrips very effoctively dofloctod
the spray dowward so that only a few scattered drops entered the
propelloer disks. Changing the asceleration of the model Trom 1 foot
por second par sccond to 3 feet por gecond por swcond changed vnch
1imit of stable locations of the center of gravit, loss than 2 percent
of the moan asrodynemic chord, which was amall compared with the
oIfect of elevator or flap dsflection. The tests indlcatsd thet the
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" jump" take-off and skipping at landing which had been reported after
Tlight tests were probably due to insufficilent step ventilation.

258a. Brooke, H. E.: Summary of Dynamic Tank Tests of the 1/8-Scale
XPhY-1 with Spray Strips. Rep. No. ZH-31-018, Consolidated
Vultee Airoraft Corp., Aug. 1943.

This report gives & summary of the results of the tests reported.
in abstract 258.

259. MacPhall, D. C., and Tye, W. D.: The Waves Close behind a
Pla.ning Hull. Rep. No. Aerc 1992, British R.A.E., Nov, 194k,

A number of cases have arisen in wvhich large amplitude high-
speed porpoising of flying-boat models seemed to te serlously
aggravated by lnopportune striking of the rsar step on thse surface
of the trough behind the main step. In ordsr to predict such an
_occurrence, the shape of the trough should be kmown.

A review of & number of the existing solutlions for the itrans-
verse waves behind a planing surface is glven, and the importence of
diverging waves over transverse waves &t planing speeds ls pointed
out. An approximate solution ls evolved and is compared with experi-
mental measuvrements.

The divergent wave system bohind & planing hull can account for
the main features of the experimental trough cbservations; howsver,
& nuber of systematic discrepancles occur that are attributed meinly
to the pressure fleld around the hull and to the transverse wave
formation. ZEmpirical correctlions arse introduced to compensaete for
this defect, and the resulting formulas are collected for practical
use.

260. Maller, Monros A.: ZXPUY-1 - Hydrodymamic Characteristics as
Determined from Flight Tests. Part I - With Spray Strips.
Rep. No. ZH-31-019, Consolidated Vultee Aircraft Corp.,
Sept. 19k3, .

A sumery is made of flight tests of the Consolidated Vultee
XPhY-1 flying boat with particular attention given to the hydrodynsmic
characteristics with spray strips lnstalled. Data at gross welghts
of 46,000, 51,000, and 54,000 pounds woré obteined by visual cbser-
vation a.nd. by automa.tic recording with the NACA events rscordsr.
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Because of the length of time involved in worldng up the events-
recorder records, the results of only visual data are glven.

At all gross weighle tested, the spray through the propellers

‘we.s light and passed through -the lower thlrd of the propeller diska.

e spray over the tail swifaces, although of short duration, was
vory heavy at a gross weight of 54,000 pounds. The blunt nose of
the sprey stripe did not contribute to control of spray and was
removod. This chenge increesed the top speed of the flying boat by
about 3 or 4 miles per howr. The hydrodynemlc centor-of-gravity
Limits of stabllity were satisfactory,. lying outside the asrodynemic
center-of ~gravity limite. The origlnal emcunt of siep ventillation
wes inadequete to prevent "Jjump" take-offs and skinping. Almost
doubling the amount of ventilation, on the basis of dynemic model
tests conducted by the Wationel Adviscry Committee for Asronautlcs,
practicaelly eliminated jump teke-offs and skipping. Directional
gtability at normal gross welghts was satisfactory end became
marginal at 54,000-pounds gross weight. .

(See also abstracts 83, 87, 11, 121, 123, 130, 133, 137, 142, 14k,
ks, 153, 168, 169, 173, 180, 184, 203, 268, 279, 280, 233, 290,
292, 300, 311, 31%, 317, 321, 329, 330, 331, 333, and 399.)

Btabllity Undexr Way

(See abstracts 27 and 375.)

Longitudinal Stability Under Wey

261. White, H. G., Smith, A. G., and Shaw, R. A.: Attitude end

: Stebllity Meagurements on a Half Scale Sunderland Hull Fitted
_to the Scion Seaplene. Rep. No. E/Res/l‘)'S, British M.A.E.E.
Dec. 28 19’4-? .

This repor’c is primarily on M.A.E. E gtability tests of & half-
acale Sunderland hull on & Scion ssaplane. It is of particular value
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a8 a source ;:zf information on the stage between small tank models and
the Ffull-scele flying boat and on egcale effect.

The first object of the report, therefore, lies in a comperison
of the helf-scale results with ?a) the full-goale Sunderland; end
(b) the small-tank-model results. A divect comparison is also made
of the two sets of tank results on the %6_ scale of the Sclon and
the -ilé—scale of the Sunderlend and of the model Sunderlsnd with

the full-scale Sunderland.

The measurements of stebillity on the Scion . are in good agreemsnt
with the full-scale resulits bubt in poor agreemsnt with the smell model
tests in the tank. The latter dlscrepancy mey be due to the absence
of slipstream In tank tests, a feature which 1s now belng more fully
corrected in the l=test tests. The present method of disturbing the
models seems .to have increased the dlscrepancy between the model and
the full-scale flying boat. TFurther modification of tenk. technigue
and & reexamlnation of full-scale stability limits appear necessary
in ordaer to £ind a closer correlation betwoen model and full scals.

262, Ebert, John W., Jr.: A Comparison of the Porpolsing Limits of
Two Flying Boats and Their Tenk Models. NACA RB, Feb. 1943.

A comparison was made of the porpoising limlits of two flying
boats and their tenk models to determine the scale effect. The :
models were tested without leading-edge slats or powered propellers
and although the lower limits were in good agreement the upper limits
occurred at a higher speed which indicated an spprecisble effect of
scale on the 1lift coefficlent. The model results may elso have been
Influenced by the reduced alrspeed beneath the towing carriage.

263. Tocke, F. W. S., Jr.: General Porpoising Tests of Flylng~Boat-
Eul) Models. NACA ARR No. 3I17, 19L3.

This report glves evidence In support of the propriety of
substltuting, for many prectical purposes, a “gensra.l“ porpolsing
test of flying-bost-hull models in place of the usual "sgpecific" +test.
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The results of a general test of a particular model are presented
and compared wlth the resulis of & specific test of the same model.

The report also dlacumses appropriate average values of the
varisbles necessarily consldered for ordinsry use In genersl
testing. These variables are serodynamlc pitch-damping rate M,

pltching moment of Inertie, and position of center of gravity.

The terms "gemeral" and "specific" are used in the senss in
which they have been used for scme time by the Netlonal Advisory
Conmittee for Aeronauntics. in connectlon with resistence tests.

26k, Klemin, Alexander, Pisrson, John D., and Storer, Edmmd M.: An
Introduction to Seaplane Porpolsing. dJour. Aero. Sci., vol. 6,
no. 8, une 1939, pp. 311-318.

A sumery of opinion snd experience by several designers and
opsrators 18 presented os a background in setting up a method of
calculating hyirodynamic stability Jderivatives. The methods of
Perring and Glauert are followed end Langley tank deate are used to
obtain dimensional values of hydrodynamic stabllity derivatives
appliceble to a typical example, & study of the Courtney Amphiibian.
The dexivatives and the cosfflclents in the stebllity equation are
tabulated and discussed to show the effects of locatlon of the center
of gravity and of the asrodynemic derivatives, . The effects of arbi-
trary changes in derxrivatives and the character of the porpolsing
osclillations are discussed. _

265. MacPhail, D. C., Tye, W. D., and Llewelyn-Davies, D. I. T. P.:
Model Investigation on the Effect of Slipatream or the
Longl tudinal Stability of Flyling Boats on the Water.
Rep. No. Aero 1792, British K.A.E., Jen. 1943.

It has been suggested from time to time that the stabilllity of
flying boats during teke-off may be affected by slipstreem.

Porpoising tests, representing the take-off, in the normsl
condition, of a twin-engine flying boat, were carried out using two
techniques: one allowed for +the sllpstream 1ift by means of a weight
and pulley system, while In the other the slipstream was produced by
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.means of propellers driven by coampressed alr turbines. The model was
tested with two hull forms ome of which was very stsble while the
otheir was unstable at high speeds; in both cases teabs were made both
with flaps up and with flaps 20° down.

The effect on the water stability of teilplenes of verious sizes
was investigated in the cage of the unstable form. Tests were made
with the normal tail plans, with the tail plane 60 percent oversize,
and with the tail plene reroved.

The unstable hull forit was tested in waves at speeds in the
nelghborhood of the hump in order to-observe the effect of the
propellisrs on the spray. .

The goneral effect of the slipstream is to widen the siable
roegion. This effect was more noticeable for the wshable hull form
than for the steble hull form.

. Lowering the flaps during the teke-off lessens the difference
between the limits in the cases with and without propellers running,
while the size of the tell plane has little effect on the waker
stability. The incrcase of stabllity with the propsllers rumning
cen be attributed mainly to the disturbence of the alr and watsr Flow
around the afterbody by the slipstream.

- The altere.tion in the rl.mning angle ‘by the slipstrea.m confirmed.
earlier wind-tlmnel work.

It was eeslexr to assess the risk of daanage by sy*ay vhen the
propellers were running than when they were idling or maraly I‘opI‘USuD.tad.

by stationary rings

| 266, Daviison, Kenneth S. M.; with Tocke, F. W. S., Jr.,, and
Cae Svarez, Anthany: - Porpoising - A Comparison of Theory with
Experiment. -NACA ARR No. 3G07, 19h3.

& direct comparison is mede between the cbserved and. the
calculated longltudinal dynamic stability of a particular dynamic
nodel of a flying boet moving on the water. The cslculations were
made on the basis of the theory as stated by both Klemin end Glauers.
Good agreemsnt was cbtalned between experiment and theory {using the
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theory a8 stated by Glauert) for trims in the vicinity of the lower
limit, at one speed a little above the Inmyp.

The present form of the theorotical method ig laboriocus. It
depends for 1ts application upon experimental constents thet are not
nmore easlly deltermined than a direct experimental determinstion of
stability, and 1t has not yet been shown to be capable of polinting
out design trends tending to reduce instebllity to any arester extent
than the direct experimental method.

267. Pexrring, W. G. A., and Glauert, H.: The Stabllity on the Water
of a Seeplane in the Planing Condition. XR. & M. No. 1493,
British A.R.C., 1933.

The general stebllity equation has been wriltten down and.
approximate expresslons have been obitained for the stebility
derivetives. It hes then Deen assumed that the porpolsing was due
to an intersction between the vertical and pliching motiome, and the
analysis has been applied to investlgabto in detail the stebllity of
a seaplane travellng over the water and supported on elther one oxr
two steps. Finally, the influence of lonzitudinal freedom on the
ebebllity has been investigated.

The effect of longltudinal freedom is shown to have practically
no effect on the stability, and hence porpolsing mey be regarded as an
interaction of the vertical end pitching moments. Tests of a bare
model without wings and tail plane are shown to be valueless and
misleeding, and a complete model should also have the correct ratlo
of masg to moment of inertia. In certain casces the influence of
nodifications to the ssaplane has opposite effeclta, depending on
whether one or two steps are in contact with the water. Whereover
comparisons are possible, the results of the theoretical investigation
agree with the recorded cases:of porpoising observed during the tank
topting of models and also with the full-scele experimental »osults
for the Scagull. It is possible that scme of tho conclusions given
in the report willl be modified when experimentelly determined
derivatives are avalliable to roplace t:xe rough -values used in meldng
the present’ ca.lculations.
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263. Perkinson, Jokn B., and Olson, Roland E.: Tank Tests of a 1/5
Full-Size Dynamically Similer Model of the Army OA-9 Amphibian
with Motor-Driven Propellers - NACA Model 117. NACA ARR,

Dec. 1941. :

The Influence of rumning propellers on the hydrodynamic
characteristics of a model of a seaplane was investigated in langley
tank no. 1.to evaluate the imporitance of power in tests of dynamically
similar models. Various Increments of power, including the power
sufficient for self-propulsion, were ecpplied; and a gear allowing
fore-and-aft freedom of the model with respect to the towing cerriage
when self-propelled wae vrovided.

It wes found that, as In wind-tunnel work, the powered propsllers
have e large effect ocu the asrodynemic characterlistlics of the model
and consequently on the hydrodynamic stebllity, which depends to a
certaln extont on those charscteristics. ‘The inbtorference of the
propellers end the slipatream with the wive srystem arcund the hull
at texying speeds 1s the most significant factor in the problems of
sprey control end limitabtion in load imposed by the spray. The use
of powered models is therefore dssirable in tank tests of new designs
for o more precise prediction of stability and spray while taking off
agnd lending. - .

In general, the megnitude of the effects of a ziven increment of
pover in such tests decieases sz the power is increased. The use of
powers end rovointion speeds thel aro less than tho scale values would
be proferable to neglecting entirely the efiects of the rumming
propellers. Fore~-and-sft freodom of the model has a negligible effect
on the trims at which norpoising bagins but changes the character of
the motion somevhat. . -

(See also abstrects 169, 397', end 401.}

Longitudinel Stebility Under Way - Low-Angle Stability
269, Benson, James M., and Lins, Lindsay J.: The Effect of Dead Rise
upon the Low-Angle Type of Porpoising. NACA ARR, Oct. 19k2.

Data perteining to the forces and moments developed by V-bottom
planing surfaces of different angles of dead rise were used to compuis
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the effect of the dead rise of the forebody upon the lower trim limit
of stability of e seaplene. The results of the calculations were
checked experimentally, with very good agreement, by use of a simpli-
Tied model composed of & planing forebody eand & ’ca1l plane having a
controlleble elevator.. The results indinated in every caes that an
increase in dead rise within the range investigated (10° to 30°)
‘caused an lmportent incresse in the lower trim limit of stability.

The present investigation alsc included tests of a model having
a traensverse section incorporating chine flure and sn abrupt incresase
in dead rise at a point cne-thlrd of the beam cutboard of the keel.
This complex sectlon proved to have very interesting stabllity character-
istics at plening speeds near the hump where the lower trim limit wes
not greatly affected by load. These
charecteristics are in marked contrast
to those of a simple V-bobicom and
. indicate that departures from the
,/ : glmple zhepe of transverse section mey
B produce resulis that cammot be safely

predicted by assuming an equlvalent
[ V-bottom.

| P

270. Wolfe, C. M.t Longitudinzl Stebility of the Seaﬁé.ano'bk:dei
ZFBB-1 in the Planing Condition. Rep. No. D-A020, Boeing
Adveralt Co., May 15, 1gh2.

This report deals with an analysis of date teken in. dynamic modsl
bests in the Langley temk of e -fa-size model. XPEB-1 with reference
to low-engle porpoising chervacteriatlcs.

The correlation of these data indicates that the V-bottom as
cammonly employed on seaplane hulls glves: rise to & discontinuity in
the curves, coefficient of 1ift s.gainst coefficlient of draft, and that
it is juet at this discontinuity that low-angle porvoising ceases with
increasing speed or angle of trim. The discontinuity in l1ft is
obviously due to the change from an a.pproximately rechbangular planing
ares. to one of trianguler shepe as the water line on the chine edge
reachss the main step. Mobion pictures of tank teste end = mathemetical
analysis lend evidence to the conclusion that the tendency to porpoise
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...at low engles in the case of the dynamic seaplane model XFBB-1 is
largely eliminated ‘when the wetted area 'becomes 'b*iangular in outline.

_‘.271. Banson, Jemes M., end Freihofner, Anton: Me't‘hod.s a.nd. Char'ts
T for Computing Stebility Deriva:bives of a V-Bot'bcm Pla.ning
Surface. NAGA ABR I‘Io. 31.08 » Ioh3L

. Methods and charts are presented for computing sta.bili'by :

i derivabives of a longitud.inally stralght, V-bottom. planing surface
representing ’che ‘Porebody of a seaplane floab or & fl_ving-—'boat ‘huil
withoubs chine flare: The charts for computi.-g hydrodynemic derivatives
were used in calculating the trim limit of sit&bllity for angles of
dead rise of 10°, 20°, end 30°. The lower trim limit of stability of
a seaplans. planing on the forebody was calcnlated from measurements
of 1ift, resista.nt:e 3 trimaing moment, and webtted length of planing
surfaces and was fouhd “to be in good agreement with experimental
values of the trim Iimlt of sta,biliw.

The veloclty derivatives Z, and My wore comnuteé. es a function

' of the araft with the cqmponent due teo the effect of ver‘bica.l velocity
on the trim neglected. A comparison of the measured rasu.lts with the
calculated results indicated that the trim component wes of little
importance and thet better e,ccuracy wasg obtained. by neglec'bin,g it in
the :pv'esen'b calculations. :

272. Benson, James M.: ﬁ'hé Porpoising Characteristics of,'az‘Pla.n:Lng
Burface Representing the Forebody o:E' a Flying-Boa.t Hull.
WACA ARR, May 1gk2,

A V-bvottam planing surface with. 6cntroJJ.a.'ble tail surfaces was
used. In an Iinvestigation of the low-angle type of porpeolsing.

The porpoising characteristics of the planing surface were
observed for dilfferent combinations of load, speed, moment of inertia,
location of pivot, elevator setting, and tail srea. The model was
found elweys to be st=ble above and unsteble below & rather well-
defined critical trim and showed no tendency to porpoise in the high~
‘angle condition that i1s camnonly observed with . flying boats. The
critical trim was found to be determined mainly by the speed and logd
end, to a smaller extent, by the location of the pivot and the radius
- of gyration. Moving the pivot elther forward or down or. increasing

¢ s

‘ “ g
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the redius of gyration lowered the critical trim. When porpolsing
d1d ocecur, it was observed that & decrease in the radius of gyra.tion
cansed the emplitudes of oscillations in trim to increase merkedly.
An increase in the mass and moment of inertie without a chenge in
the redius of gyration or other, variables resulted in an increased
amplitude of the oscillations. Increasing the tail ares to ebout
ws.ce norma.l size d4id not. eppear to- a.ffect the cri‘i:ica.l “trim.

By & compariscon of these data with d.a.ta. from a camplete model
and from theorstical computations 1t was concluded that the effect
of the wing upon the lower limit of Bta‘bili'ty at the lower planing
speed.s was rel;at*vely small . _

273. Anon.: - Porpoising Investigation. Experiments with Model .
No. 294-g. T™ No. 46, Stevens Inst. Tech.), iohkl.

Tests of a model dynamicelly similar in all hydrodynemic
respects were mede to obtaln & broad view of the general character-
istics of lower-limlt porpolsing. All porpoising tests were mede

with speclal test apparatus. The model was logded with pred.etexmined.
" aerodynamlic forces end moments: A few tests of resistence were made.

The general phencmena of porpoising were analyzed and the effects
upon porpoising of load, pitch demping rate, aercdynamlc stalling
moment, induced turbulence, mess moving verticelly, moment of ilnertia,
hydrofoil method of simmlating eir 1ift, waves, a.nd. initial d.isw.r'b

ance are discussed.

Calculations of the pitch damping rate produced by the d.a.ahpot
are presented in the a.ppendix.

Longltudinal Stebility Under Way - 'High-Angle'-Stabili.'ty

27%. Ward, Kenneth E., and Olson, Roland E.: Dy:.amic Tests of & Model
of the Boeing 314 Flying Boat - N.A.C.A. Model 108 NACA MR,
Boeing Alrcraft Co., May 16, 1940,

Tenk tests were ma.d.e of & ]—-g-o—siza dynemic model of the Boeing 314
flying boat to simulate full-sca.lg porpoising action, to determine
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the effeot of the position of the center of gravity and the type of
landing on the porpolsing ecgtion, and to determine the effect of one |
chenge in the second step and necessary changes in the main step upon
the water perfoimance. Tests wors made with and wlthout hydrostabi-
lizers (stub wings). A few accelerated runs were made to show the
8tebllity cha.ra.cteristics for a simula-bed tekeoff.

The hysteresis effect in the upper trim limit of stzbility was
dimscovered and the phencmenon wes dlscussed. The hysteresis effect
in the upper trim limit wes present for all models except those
having the deepest steps. _

The position of the cehbter of gravity had little or no effect on
the trim limits of stabllity but changed the available trim,

Deflecting the f._a.ps‘ lowersd hoth trim limlts of stebility but
produced a diving moment whilch with a glven amount of a.erodyna.mio
control mede the upper Ximit more difficult to define.

When hydrostebllizers were used, ‘the lowsr limit took the form .
of two curves enclosing a amall unstable area in which the amplitude
of porpoising was never large. The upper of these two c¢urves was
about the same as the curve for the lower Jimlt without the hydro—
stablilizers, The hydrostabilizers tended to increase the hysteresis
offect in the upper trim limit of stability. . :

275. Benson, James M., and Klein, Milton M.: The Effect of Dead Rise
upon the High-Angle Porxpoising Characteristics of Two Planing
Surfaces in Tandem. NACA ARR No. 3¥30, 1943,

Porpoising tests wers made of three rudimentsry models, sach
camposed of two Ve-bottom planing surfaces in tandem fitted with a
tell plane and acontrollasble elevator. The upper and lowser branches
6f the upper trim limit of stabillty were determined for three angles

of dead rise (15°, 22—;'0, and 30°) and for two depths of step (4.7 por—

cent and 7,8 percent beam}. The upper branch was found in the nommsl
mammer but, because all models failed to recover from porpoising when
the trim was decreased, & different method was used to determine the
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lower brench. The resulte showed that both the upper brench and the
lower branch were maerkedly raised by an increase in angle of dead

10
rise from 15° to 22§- but were much less affected by an increase

from J% to 30°. The net effect of an increase in dead rise was o

shift the atable range of trim to higher velnea wlthout greatly
altering the range between the upper limite and the lower limlit. An
increase in depth of step also raised the upper and lower branches
of the upper trim limit.

276. Stout, Ermest G.: Hyd.lodynamic Landing Instebility. Rep.
No. ZH-013, Consolidated Vultee Alrcraft Coxp., Oct. 3, 1943.

Perhaps the most critical phase of any flying-hoat design l1s the
determination of the hydrodynemic stability charactorisblics. Hydro-
dynemic stebllity has been roughly divided Into four baslec types:
high-end low-angle low-speed porpoising and high- and low-angle
high-speed porpoising, each requiring a seperate procedure of
analysis end lorgely desending upon diffevent basic design parameters.
This paper discusses the high-angle hlgh-speed type of lnstability,
with perticular emphasis upon the phenomenon commonly referred to
among flying-boat pllote and designers es "skipping.” This form of
inetebllity usvally occurs during lending operations at relatvively
high trims and consistes of a gerles of 1unges into the alr following
the 1n1tial contact with the water.

The ceauses, procedure for analysls, and results of experimental
study of this hydrodynamic phenomenon are discussed. It is
concluded that high-engle high-speed Instebility ig subJect to
expérimental analysis and can be accurately predicted in the towing
besin.

277. Locke, F. W. S., Jr., and Hugli, W. C., Jr.: A Method for Studying
the Longitudinal Dymamlc Stability of Flying-Boat-Hull Models
ath.High. Planing Speeds and. during Lending. NACA ARR No. LH31,
19 L L

Upper-1imit porpoising end sklpping, which zyre scmstimes encountered
in the motion of 2 flying boat on the weter at high speeds and high
trims, were thought to have the same beslc source. Investigation by
gimiler testing procedures wes therefore considersd possible.
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. A& mothod was described for carrying out generalized experimental
studies of the longitudinsl dynamic stebility of flying-boat-hull
models. Predetermined disturbances of the mobtion at constant speed
were introduced et an Initial instent of time, simmlating disturb-
ences which might occur in sctuel landing or take-off maneuvers,
end the effects on the subsequent motion wsre recorded graphically.
Direct comparisone between different models, on a quantitative basis,
were thus provided for. ' '

The results of hilgh-angle instability showed limits wirich were
coneistent with unpublished date obteined at the Langley tanks using
an entirely different method. The magnltudes of the initliel dis-
turbances were found to be more importent then the character of the
disturbences. Within certain boundaries, incressing the megnitudes
of the initlal disturbances tended to cause progregslvely wider trim
renges of Instablillty. ’ . o

The mein thesls, that upper-limit porpoising and skipping have
the seme basic source, wag nobt definibtely proved. The work was
believed, however, to contribute to the growing body of circumstantiel
evidence in support of it. ,

278. Devidson, Kenneth S. M., and Locke, F. W. 8., Jr.: Notes on
Hysteresis in Upper-Limit Porpoising Based on Tests of 1/30
Scale Model of the XPB2M-l Seeplene. Rep. No. 161-B,
Stevens Inst. Tech., Aug. 12, 1941.

Preliminary tests of a 3 -glze model of the Martin XPBOM-1

£lying boat were mede at Stevens tenk to investigalte the secondary
upper limit (the itrim at which upper-limit porpoising stops). The
tests were made by locking the model at predetermined values of rise
_and trim, releasing it when the test speed hed been .reached, end
recording the resultant motions of rise and trim.

The test results showed that the trime at which porpoising would
stop wers below the upper trim limit of staedblllly and wore 1° gbove
the trims defining the boundary between the reglons in which the
afterbody was wotted end clear of the water. Porpolsing persisted
at twrims below the upper limlt only when the trims from which th
nodel was roleased were above the upper limlt. .

{See also abstracts 262 snd L00)
L -



168 . L NACA RM No, L6I13

HYTRODYNAMICS
Longitudinal Stability Under Way - Stability Characterigtics

£79. Land, Normen 5., ani Lina, Lindsey J.: Additional Btability
Tests of a 1/8-Full-Size Dynemic Mecdel of the Consolidated
XPhY-1l Airplane ~ NACA Model 143. NACA MR, Bur. Aerc.,
March 3, 1943. : :

Further modifications to e.-g-size dyneamic model of the Consolidated

XPhY-1 flying boat were investigated in order to improve the hydro-
dynamic characteristics. It was found that the lending instebility
wes completely eliminated by increasing the depth of the V-step at
the keel Pram 6.5 to 12 percent of the beam or by sufficiently
ventilating the step. Increasing the deflsctlion of the flaps created
e large enough nose-down moment and sufficiently lightened the load
on the water to cause noticeable changes in both the trim limits and
Jimite of sbaeble posltione of the center of gravity.

’ Long, narrow planing fins added to the afterbody forward of the
sternpost, together with a planing bobttom on the tall extensiom,
oroved effective in clearing up the heavy flow of water over the tall
turret and horizontal tall. In this respect this cambination wes
superior to an extended afterbody with the same plan form as the fins.
Yaw tests of this arrengement showed no largs peaks in the moment-
spead curves, which are characteristic of the baslc model.

280. Davis, B. W.: Analysis of Resu_lts - Hydrodynamic Research
Project. Rep. No. D-5558, Boeing Alrcraft Co., Sept. 23, 194k,

The stability (directional and longltudinel), spray, and resistance
charactoristics of several configurations of .the XFBB-1l flying-boat
hull as obtained from Langley tenk tests of eimiler dynamic and
resistance models at normal). and high gross welghie are presented.
Several configurations of the dyneamic model .wers towed free in pitch,
heel, and yew to determine thelr effects on yaw characterisitlcs at
prehump speeds and high gross woeights. The configurations tested
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included an afterbody extended 9 inches, a warped.afterbody, an
inverted V-bottom tail extension, and hydrofolls. The configurations
employing the basic forebody and the extended afterbody lowered the
upper trim limits somewhat and dld not affect the lower limit except
to lower the low-speed pesk. Prehump resistance and bow spray were
increassd and spray on the tail was reduced. The addition of spray
8trips on the bow reduced spray in the propellers and flaps butb
increased the yaw tendency. Chine bustles near the step reduced the
flap epray and were otherwise hrdrodynamically satbisfactory. Spray
in the propellers occurred over only & short prehump speed rangs
that may be accelerated through and can be considered satisfactory.
The highest trim at which the airplene can be landed stably was low-
ered approximately 1°. An extended forcbody used in conjunction with
the extended afterbody reduced spray and lowered resistence and
although 1t increased the yaw tendency it wes the most satisfactory
ccupromise.

An Inverted V-bottom hull sliminated aimost &ll sprey bub
resulted in indefinite trim limits, reslistance exceoding the available
thrust, and directional instability. It is considered generally
unsatisfectory. :

Observations made of the basic configuratione to determine the
effects of power were in egroement with previous tank tests. An
investigation was continued in an effort to confirm the belief that
lower trim limits are dependent on.the gecmetrical shape of the
wotted area of the forebody. It was found that a trapezoidal area
of the forebody is wetted during low-angle porpoising and & triapgnisr
area -of the forebody ls wetted at steble trims. The lower Iimit was
therefore shown to be ldentical with the trim for a constant immersion
equal to the height of the chins, as long as the efter'body wag out of
the water.

Tests wore conducted on the basic configuration with the fore-
body angle of dead rise increased from 20° to 25°. Increasing the
doad-rise angle resulted in improved landing stabllity with all losds
and. center-of-gravity positions, a shorter speed range. during which

spray occurs, and slightly higher resistance at prehump speeds. Both
upper and lower limits wero raised and the range of stable trims
remained about the same.
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Teats were made on step felrings designed to improve the aero-
dynemic efficlency of the airplane. All the various falrings adversely
effocted the landing stebility. The best fairings consisted of a
shallow step and the normel afterbody with a large ventllation duct.

Teats were made to determine resistance .and trimming moments for
verious trime and speede. Tests were also made to determine tho side
force and yewing moments for various yaw angles and rudder deflections.

The resistance model forebody a.lone was_ tested to obtain wale
contours and dreft measurements. Date from these tests supplied
information that wes necessery and useful in analyzing the d.yna.mic-
model tests.

281, Bush, R.: Dynamic Model Tests in NACA Tenk - 1/10-Size Mogel
¥PBB-1. I‘en No. D- 2855, Boeing Alrcraft Co., Sept. 2%, 1940,

Teats were condiicted 1n I.a.ngley tank no. l with a -l—-size

- 10
dynemically similer model of the XFBB-1 flying boat to determine a
satigfactory hull configuration for longitudinal stsbllity by constant-
speed runs and accelerated runs simulating full-scale teke-offs and
landings; to obtaln epecific.information as to the weater reslstance
- of the final hull configuraticns for full-scale performemce estimation;
and to, conduct dynsxic tests of the model free in various combinations
of yaw, heel, and pitch. Observations were made to determine the
effects on the porpolsing and resistance characteristlcs of changes
.-in hull configuration, fore and aft center-of -gravity position, gross
weight, and wing-flap defléction.

The tests indicated that high-angle porpoising may be virtually
elininated by deoeponing the main step. Low-angle porpoising ies &
primary function of the trim. Any changes of the afterbody keel
angle and the fore snd aft position of the main stop affects only &

small chengs -in location of the peak of the low- angle curve; the
remalnder of the curve remeins unchanged..

The effec‘t of gross welght on low-angle porpoising is to relse
the entire curve of limiting trim ageinst speed. No effect on high-
angle porpoising was cbserved. : '
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The effect of center-of-gravity locatiom, fore and aft, is to
- chenge the limits of trim aveilsble with elevator control. The

position of the limlt curves for low- and high-angle porpoising is
not affected. The effect of wing-flap deflectlon is substentially
the same as the effect of a fore snd aft movement of the center of

gravity.

282 Wa.rd., Kenneth E., and . Olson, Rolend E.: Dynemic Tests of a
- . Model of the E'_PBM-l Flying Boat - N.A.C.A. Model 100.
NACA MR, Bur. Aero., Aug. 3, 1939. .

Tank testa were mmde of & g-size dynamic model of the XPBM-1

flying 'bca.t to determine the trim limlite of stabllity and to evaluate
the ‘effectivences of verious modifications to improve the performence.
Togts wore made at two giross loads representing loads Ffor the full-
8ize flying boat of 39,000 and 44,000 pounds end at flap settings

of 0%, 15°, 30°, and 0°. -Air 1if% of the wing-hull cambination was
' determined by towing the model at two heights gbove the surface of
the water snd measuring forces In & 1ift ring. The tests were made
without eny auxiliery devices for increasing the meximum 1ift coef-
ficient of the model wing. The horizontal teil was moveble only

ag & uvnit and was not remotsly controllsble. The technigue used In
thoge tests 1s discussed in detall. o

It was found that a hook on the step reduced the lower trim limit
of stability about 4°. A helf-round dblock, which Tilled the step for
1 inch on eech side of the keel, was Ineffective in producing a
rvoach which would strike the aftervody. Tt was hoped that this
modification would improve tho stability characteristics. The effect
of flaps was only to chenge the load on the waber; that ls, increasing
the flap deflection lowered the trim limits of stebility. Some upper-
limit ins*lia.'binty was observed at a gross load of 41,000 pounds.

283, Ward, Kenneth E., and Iend, Norman S.: Dynamic Tests of a Model
‘of the XPBM-1 Flying Boat - N.A. C.A. Model 100. WACA Supp.
MR, Bur. Aero., Feb. 9, 101{-0

Tnasmuch as tests of the XE’BM—]. aii'plaﬁe in its original form

showed that serious porpoiszing was experienced in teke-off, changes
in the form of the hull were found to be necessary. Hydrodynemic
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stability tests of a dynamic model were made in Langley tank no. 1
to check some changes -proposed by the monufacturers es a result of
tank tests made at the Stevens Imstitute of Technology and to
investigate other modifications that might improve the etability of
the airplane ¢n the weter. Modifications of the form of the hull
wore: (1) an extension of and chaenge in the form of the afterbody,
(2) extension of the sides of the hull to give a greater beam, and
(3) variations in the form &nd positlon of the step. The variations
in the form of the step included & conventionsl transverse step with
& "bent-stringer" trensition, a transverse step with a transverse
"breaker" step, & transverse step with a swallow-tail hook and small
sponsons for locally increasing the beam, s transverse gtep with a
transverse "breaker" step and with the chine flare. filled in to form
& small hook, a curved V-step, end a ocurved V-step with a “breaker"
step and a "bent-stringer® transition. :

Extending end modifying the form of the afterbody increased the
trim by a small amount at low speods before the afterbody came out of
- the wator but apparently had no effect an the lower limlt of stability.
' The modified form of afterbody experienced a severe yaw botween spoed
coefficients of 2.0 and 2.6 caused by asymmotrical flow around the
2fterbody. It should be noted, however » that the falring which was
added to the model wes poor and wes nok truly symmetrical about the
-lengitudinel vertical plane.

Increasing the beam of the hull gave the moast favorable result as
the lower limit of stebllity was reduced about 1°, slthough a corre-
sponding reduction in the upper limit also Yesulted. The spray char-
acteristics were improved and the violsnce of porpolsing in +the '
unstable range was reduced. '

Changing the position and the form of the step had no effect on
the lower limlt of stability but higher limits were obteined with the
same eseorodynamic control by moving the step forward. Because of the
resulting increasse in afterbody interference due to the shallow step
and. "bent-stringer" transition, a smell breaker step, which broke the
"flow over the afterbody, was required to raiee the uppor limit of
stability. Increasing the gross welght raised both the lower ana
upper limits of stability; the largest effect was on the upper limit
where the increased losd improved the cloarance on the afterbody.

The technigues used in the teste were discussed. in somo detail.
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283a. Plersan, J.: Analysis of XPEM-1 Dynamic Modsl Tests at N.A.C.A.
Engr. Rep. No. 1209, The Glenn L. Martin Co., Jan. 15, 19LO0.

Tnis report presents some of the date and resulis glven in
abstract 283 and includes the curves of rise against trim referred to
therein. These curves are records of the porpolsing motion and glve
& good indicetion of the violence of the porpoising. The several
shapes of the curves, the trim limits of stsbillity, divectional
stability, spray characteristics, and testing technloue are discusssed.

28k, Ward, Kemneth E., and Olson, Roland E.: Dynemic Tests of a Model '
of the IPB2M-1 Flying Boat - N.42.C.A. Model 10Z. NACA MR,
Bur. Aero., Aug. 3, 1930.

Tests of a-%‘e—-size dynamlc model of the Martin XPBOM-L flying

boat were made in Langlsey tank no. 1 to determine the trim limits of
8tebility at a full-size gross weight of 135,000 pounds and at four
flap deflections. The upper trim limit of stabllity wes found to
drop sharply in & range of speeds near the low-speed peak of the
lower limit. The sercdynamic lift of the wing and hull without the
tall surfaces was determined. The 2erciynamlc 1ift of the wing alone
wes determined at several heights above the wabter in the tenk and
Bhowed. changss in the slops of the lift curve which would be expected
from the ground eoffect.

+

285. Scheider » M. Gt The Effect of Keel Angle on the Resistance,
Directional Stebllity and Longitudinel Stebility of a Flying
Boat Hull. Engr. Rep. No. 1824, The Glenn L. Martin Co.,
Avug. 24, 1943. Revised Nov. 21+, 1943.

Teste wore made at the Stevens tank on a -%—size model of the

Mertin M-170 flying boat with angles of afterbody keel of 39, 5°,
end 7°. The forward haelf of the chine wes the seme for 211 three
efterbodies. Decreasing the angle.of afterbody keel lowered the
low-gpeed peak of the lower trim limit of stebility, lowered the
upper trim limit, slightly improved the dlrectional stabllity,
-lowered the trim at all trimming moments tested, end Incressed the
~high-speed resistence.
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236, Lend, Normen S.: Effect of Powered Propellers on the
Aerciynemlc Characteristics and the Porpoising Stubillty of
8 Dynemic Model of a Long-Range Flying Boat. NACA KB No. 3E13,
1943.

Teats were made with a—%-aize dyname model of & large long-range

twin-engine flying boat to determine the effect of powered propellers
on the aerodynamic and porpolsing characteq:‘istics,.

On a model of a long-range Tlying boat of conventional design,
large increases In wing lift and tall moment may be expected to follow
the use of powered propellers. In additiom, the thrust moment
congiderably changes the trims assumed by the flylng boat. These
effects greatly influence the width of steble locatlons of the center
of gravity.

With the present methods of determining the stability of dynamic
models, exact simmlation of full-gize variation of thrust with speed
is unnecessury elthough tho scale thrust showld, 1f posslble; be
developed by mwans of opsrating propellers of approximate scale
diametsr. .

287. Naylor, P. E.: The Effect of Weight Variation on the Water
Stablillity, Trim and Elevator Effectiveness ¢f a Sunderland
IIT Adrcraft during Teke-Off and Landing. Rep. No. H/Res/1T71,
British M-A'-E-E., Feb. 19, l9ll-ll-.

Tests have been made to Investlgate the effect of welght veriation
on the water stabllity, trim, and elevator effectiveness of the proto-
type Sunderland III, T.9042.

Within the range of weight investigated, 43,000 to 52,000 pounds,
an increase Iin welght with constent center-of-graviiy position ralses
the stability limits and trim attliudes by approzximately the same smount.
There zre indications that the upper limit 1a raised reather. more then
the lower 1limit and thaet the width of the stable region 1s slightly
Increased. The upper-limit instebillty is very slight on this sireraft
and not well defined. o

There is8 & progressive loss of elevator effectivenesas with increase
of welght but am§le cantrol remains over the welght range considered.
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288. Anon.: The Effects of Step Venbilation op the Take-Off and
Landing Characteristics of a PBN-1 Flying Boet. Rep. No. 1807,
MAF, Philadelphia Nevy Yard, Bur. Aero., Navy Dept.,
April 25, 19hk, - - : -

The results of a test program conducted to determine the effects
of step ventilation on the take-off and landing characteristics of a
PEN-1 flying voat are summarized. Because of the lack of agreement
among ‘the vsrious pilots, definite specific conclusions in evaluating
the modification were difficult to formmlate. In genersl, the use
of the meximm vent eres avallsble for test (1.59 sq ft) was -
belleved to result in some slight improvement in landing stebility.

_ Although not reported by all pilots, an increase in bow-down
moment was Indicated just after contect in landing. This increase
might posaibly be of some esignificance in rough-water operabtion..
Although step ventilatlion might posslbly reduce the time required
for the alrplane to get on the step, the tests falled bto show any
appreclable reduction in bake-off time at & gross weight of
approximately 28,400 pounds.

289. Baker, G. S., and Keary, E. M.: Bxperiments with Models of
Sezplene Floats. Thirteenth Series. R. & M. No. 410,
British A.C.A., 1919, .

Experiments were made at the Willlam Froude National Tenk to
* develop a Tloat suiteble for use on an aerisl ta.rget that wonld
gatisfy the following conditions:

(1) The float to be attached to the airplane by trunnioms so
thet the trim of the floa.t hes no effect on ths attimde of the
airplane

(2) The sirplane to fly off the float leaving it on the wator:
(3) The float to rim steadily at all speeds

: The o main difficulties to be overcome wers diving et low
speeds and porpolsing at high speeds. In many ceses attempts o
eliminate one augmented the other. The effect on the longitudinel
stability of alterations to the aft part of the afterbody were

investigated.
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290. Cohn, M.: Flight Test Suzmeary Report ~ Hydrodypamic Character-
istics - Mo@ol ZEBB-1. Rep. No. D-385L4-1, Boeing Alrcraft
Co., March 13, 1043. '

The hydrodynemlc c¢harecteristics of the Bosing XFBB-1 flying
boat wore studled in en extended series, of texl testa. These tests,
conducted at several gross welghte rvanging from 45,000 pounds to
80,000 pounds, consisted of constent-~speed taxi runs at speeds up
to take-off and accelerated runs with teke-offs and lendings. The
data were obtalned with the NACA events recorder and with the Boeing
photographic recorder. The tests were mads in partlcular to determine
longitudinal stebility and control, directlonel stability and control,
spray and water flow characterietics, itake-off and landing character-
iatice and procedures, and welter resisbtonce and water load curves.

The hydrodynamic cherecterlstics were In general very good.
Longitudinal stability on the water wes very satlsfactory wilth a
wide spread between the high . end low-angls porpoising limite. VWhen
porpoising occurred it wes mlld and easlly demped out. Directiocnal
control waa adeguete for tums in o» out of the wind even at low
water speed. Opray and flow characteristice cobsexrved were good.

Take-off charecterisilcs were eorxcellent, with take-off at
design gross weight of 62,000 pounds consistently made in less then
L3 seconds, and as low as 38 seconds. Pilot technigue hes considerable
effect on teke-off time. Overload take-offs were mede at gross welghte
up to 80,000 pounds =% which teke-off became marginrl.

291. Perriag, W. G. A., and Hutchinson, J. L.: Full Scale and Model
Porpolsing Tests of the Singapore ITc. R. & M. No. 1712,
British A.R.C., 1936.

Tenk tests were made at the Roysl Aircraft Esteblishment to
determine the stebility of the Singapore ITc ,seaplsjz_me on water in
the planing condition. The results of teste of a -—_.E-size dynemic
model were compared with those of the full-scale seaplane. Stabllity

tests were Alfficult to perform because of the stable form of - thils
seaplane.
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The stabllity limlts found -in the model tests were not greatly
influenced by the vertical movement of the center of gravity, by
overload conditions, or by increased pitching moment of inertia.

"The instability of the full-scale seaplane occurred at extrems
attitudes and loads, at small engles wlth the center of gravity
forwerd, end at large engles with the center of gravity back.
‘These results agreed closely with the model results.

A comparison showed that the porpoising periocds of the model
end the full-scale seeplene were in very good agrsement. .

292. Gerrison, Charlie C., and Pikelis, Peter S.: Hydrodynamic
. Cheracteristics of the Navy XP4Y¥-1 Flying Boet es Determined
by Teste with the NACA Events Recorder. NACA MR No. IS5H2la,
Bur. Aero., 19&5.

A series of teke-off and Janding tests were conducted om the Navy
xphY-1l flying boat to investigate its hydrodynamic characteristics
with the NACA events recorder. The tests were made at gross loads of
12,000, 46,000, end 5k,000 pounds. The spray strips on the bow of
the flying boat confined the bow spray to the lower third of the
propeller disks at all gross loads. The spray over the tail surfaces
suggested o limiting groes load of less then 54,000 pounds.
Directional instebility was encountersd during teke-offs at loads
of 46,000 pounts end over when the flying boat tended to yaw to the
left at speods below hump speed. Skipping occurred during teke-offs
and landings and was more pronounced. d.uring the landin.ss made at
contact trims leas than 7°.

293 Benson, Jemes M.: Hydrodynemic-Stabillty Tests of a Model of a
Flying Boat znd of & Pisning Surfeace Having a Smalil Downward
-Projection (Hook) on the Planing Bottom neer the Step.

NACA RB, Jan. l9’+3.

Stabllity 'bests of two d;mamic models of a fl_,"fing boat were rmads
to investigete briefly the effecte of adding 2 small projection (hogk)
.on the planing bottom of the forebody neexr the step. .Pests showed
that a wedge-shépe and & half-round projectlon extending the full
width of -the model and exltending dovmward about eight-tenths of
. 1 percent of the beam had rather large effects upcn all trim 1imits

‘and algo upon the lending stability. ALlL trim limits were lowered,
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about 4° at high speeds, and the -bend.ency to skip on landing wes
increased. No change in the stability cheracteristics was noted
with a-helf-round projection on the {ransam of the.plening surface.

29%. Anon.: Investigation of Lending Instability on the XPB2Y-3
Adirplane. Rep. No. ZH-20-010, Consolidabted Aircraft
Corp., Sept. ‘22, 191&2.. _

A short qualltative discussion of the functions of the step
and afterbody in regard vo landing inetability, known as "skipping,"
is glven. )

" Various modifications to the step wore flight tested on the

Ccmsolid.ated XPB2Y-3 flying beet in an effort to eliminate skipping.
They Included en increese Iin stev depth by & modification of the
plan form of the step and ventllation of the step by ducts through
the hull bottom aft of the 'step.

The tests showed that the most effective ducts were those near
the keel and that ducts located in the rise of the step were ineffect-
ive in reducing skipping. The smount end location. of ventilation dutts
necesgary to completely eliminate skipping produced objectiomnable bow-
down moments. A smaller smount of ventilation, with the ducts
designed for production, gave eatisfactory landing stebility wlthout
the bow-down moments for gross weights from 56,000 to 71,000 pounds.
The resulis of some tests of directiomal stabllity, englne cooling,
and control forcee are also glven. It was epparent that sink:].ng
speed had no effect wpon the landing stabillty.

295. Gsrriscn, Charlie C.: Investigation of the Effect of Step
Ventilation on the Take-0ff and Lendling Performance of the
Nevy PB2Y-3 Flying Boat. NACA MR No. L5G19a, Bur. Aero., 1945.

The stebllity of a Navy PB2Y-3 flying boat wag tested with the
NACA events recorder during take-offs and lendings in the Patuxent
and St. Mary's Rivers when smooth-water condlitioms prevailed. Venti-
lation ducts were installed in the ares aft of the step, in addition
to. those -installed by the menufacturer in the production airplane.
Take-of s and landings were mede at riaminal grose loads of 56,000,
61,000, end 66,000 pounds, with flaps deflected 20° and LO®, with no
step ventilation, and with several combinations of the addlitional vent

»
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ducts and the mepufacturer's ducte in order to determine the minimm
venting area necessary tc ellmlnate skipping. The minimmm airea was
found to be 1.1l vercent of the square of the beam. The additional
ventilation had no noticeable effect an the yaw and porpolising during
take-off runs, end 1ts effect on the tims and distance Tor tske-offs
end lendings was small. A comparison of model and full-scale data
indicates that the genercl conclusions of the two similer tests egree;
the amount of ventilation on the full-scale £lying boat, however » Was
aligh‘bly more than that requi"‘ed on the model.

296. Locke, F. W. S., Jr.: Investigation of the Ef'Pec'b of the After-
bedy an the Parpoising Cheracteristics of 1/30 Scale Model
of the XPB2M-1 Seaplane. Rep. No. 161-A, Stevens Inst. Tech.,
Aug. T, 1941, L

‘Tegts of a dynamic model of the forebody of the Martin XPBoM-1
flying hoet were mede at the Stevens tank. The results of these
. tests wore compared with those of the complete medel with the same
gross welght and nlitching moment of inertiz In order to determine the
effects of the afterbody on porpoieing characteristics.

The compariscn showed that

(1) at high sneed.s the afterbody was the direct cause of
upper-1limit porpolsing

(2) at high speeds the afterbody had no effect on lower-
li'mit porpoising

(3)- at moderate spoeds (in the vicinity of the hump)
. the afterbody Lept the trim d_mm end thereby restralned lower-limit

po:mo sing.

29'{ Bensom, Jamss M., and Freihofner, Anton: ILending Characteristlcs
of & Model of a Flying Boat with the Dopih of Step Reduced to
Zelx;z by Means of a Retractable Pla.ning Flap. NACA RB No. 4BOS,
19 :

A model of a Tlying boat was tositcd in Lengley bank no. 1 to
determine the lending charscteristics when the depth of stop was
reduced to zero by means of a retracteble planing flap on. 'bhe forebody.
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The model exhibited excepticnally stable landing characteristlcs over
& wide range of the location of the center of gravity and at trims
from about 5.5° (afterbody horizontal) to 12° {full stell). A high-
speed landing at a trim of 5 or leams wasg stable 1f the model was
decelerated repldly. With less repld decelerations the model would
increase tiim after landing st lovw trims and would take off again.
Measurements of the water resistance indicated that the landing run
required for the flying bost to decelerate from the lending speed

to the hump speed would be decreased fram 2100 feet to 1100 feet by
fully retracting the step.

293. Parkinson, John B., and Tand, Normen S.: The Landing Stability
of & Powered Dynamic Model of a Flying Boat with a 30° V-Step
a.nﬁhwith Two Depths of Tranaverse Step. NACA RB No. UBilk,

19

Tests were made in Langley tank no. 1 of a powered dynemic model
of a four-engine long-range flying boet with a 30° V-step and two
different transverse steps of comparable positloans and depths. The
tests indlicated that simdlar landing stabllity is cobtained with a
30° V-step and a transverse step having the seame depth as the 30°
V-step at the keel.

299. Truscott, Starr, end Olson, Roland E.: The Longitudinal
Stability of Flying Boats as Determined by Tests of Models
In the NACA Tenk. II - Bffect of Variaitlons in Form of Hull
on Longitudinal Stabllity. NACA ARR, Nov. 1942,

- Results of investigations of the longlitudinal-stabillty charescter-
istica of several models are considered in en attemph to arrive at
general conclusionsg as to the effects of va.ria‘c:ons in the form of
hull on these characteristics.

The. Lower trim limlt of stablillty is not appreoiably affected 'by
changes in position of center of gravity, position of step, plan form
of step, depth of step, angle of afterbody keel, and length of after-
body. A reduction in the angle of deed rise-decreases this limit to
lower trims. An Increase in gross welght reilses thils limlt to higher
trims.
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. -The upper. trim limits of stebility are not eppreclably affected by
& change . in position of center of gra.vity. Moving the step aft appeexrs
to raise the limits gligatly. These limits are raised to higher trims
by an incresse in gross.weight, an increese in depth of step, en in-
crease in angle of afterbody keel, a decrease In length of afterbody,
- apd by ventilation of a shallow step. These limits ‘are changed by a
variation in the plan form of the step in proporiion to the changes in
the effective depth of step and the effective position of the step.

The limlts for stable noaitions of the center of gravity are
shifted by a distance approximataly equal to the distance the centrold
of ,the step 12 moved. Increasing the dopth of step does not appreci-
ebly change these limlis.. With heavier gross welghts the range of
gtable posltions for the center of gravity is reduced.

. Instability in landing at high trims is reduced or eliminsted oither
by rincreasing the depth of step or by ventilating the step. A depth of
. 8tep of the order of eight percent of the bheam has been Lfound necessary.
Large ventilaticn'ducts located near the keel end Just aft of the step
-,-arg effective, but ventilation ducts near the chipe are Ineffective.
With a depth of step of 5.5-percent beam, the landing insta.'b:.lity of
one model was not eliminated by verying the angle of afterbody keel
from 4% to'8,5° and incrsasing the length of afterbody from 161 to
3ll percent of the beam.

LN
. .
-

300. Fletcher, G. L., end Tlewelyn-Devies, D.T.T.P.: Noté & Some Tank
Tests on the Sunderliand IIT for Tgke-0ff at Extreme Overload.
: Rep. No. Aero 1387, British R A.E., Nov. 1943..

Tan.‘lc tests were made tc dete?'mine the sta.‘bilj.ty characteristics
end seaworthiness of the Sunderland ITT during take-off &t an over-"
load cagse of 64,000 nound.-s The tests were made gt the Royal Aircraft

:E‘stablishmﬁt of aﬁnscale dynamic mod.el with loeds covrespondmg
© to 50,000 56,0(10, and €L ,000 pound,s full size.

. ""he*e was 8 Irﬁrxed, d.ecma.se in the sta'bility at = J,oau. of . 64,000
pounds.. For the highest .Joed the.propeller digks wore . wetted over a
larger renge of the low speed_s and at higher speeds the tall plane
vas falrly heavily wétbed. .« The teil plane may.bs dameged 'in full-
‘sizs operation sﬁmxld l&n&ing or sud.d.en throttling back be a.t'bempted.
at-the maximum’losf.: O :
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The stability tests wers complicated by the presence of the
- gtop falring. The falring now in use on the full-scale alrplane was
known to reduce the stapility but 1t wvas thought that the remaining
mergin of stability was adequate. On the model, the instability
introduced by the fairing could be regarded as & borderline case,
Thers were two possiblilities: . the instability may have besn of a
degres not often noticed in full-scale operation, or thers might be
a scale offect that made the full-scale seaplane slightly more
gtable than the model. p

301 Hamilton, J. A.: A Note on the Water Stability of. a Half Scale
Sundorlend. Hull with a 1 in 6 Main Stsp Fairing. Rep.
No. H/Resf158.A., British M.A.E.E., March 12, 1945,

This report is a continuation of abstract 261 and presents the
effesct of & 1-in-6 gstep fairing on the water stebility of the half-
scale Sunderland hull. The principal effect of the fairing has
been to reduce the stable region at the hump, both in take-off and
steady runs, Compariscons between emall-scale (made with various
tank techniques), half-scale, and full-scale stebility measurements
with a falred-step hull showed that:

(1) The lower limits are in falr agresment in ell scales.

(2) The half-scale and full-scale uppér limite seem much lowsr
than thoss obtained from tank tests.

302. Chalmers, T. M,: A Note on the Water Stability of ‘the
Consolidated PBY-5 (Catalina) Flying Boat. Rep. No. H/Res/185,
British M.A.E.E., Jan. 22, 1945,

The water stability in take-off and landing of the
Cataline E.P. 526 has been investigated over a renge of stick-fixed
positions at gross weights of 27,000 pounds and 31,000 pounds. In
all tests the center of gravity position was 27.6 percent standard
mean chord. In every case records were madé of acceleration, attitude,
and elsvator position. Curves of slemtor effectivensss and trim
limits obtalned using the standerd M.A.E.E. msthod are includsd.

It was found that at these woights, both in take-off and

landing, the alrcreft is uvnstable with the stick neutral. A small
backward displacement of the stlck from central is sufficient to
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trim the aircrart into thé steble reg,.on in &ll cases. . There is &
marked tendsncy to bounce in high-speed landings with the stick
back.

303, Parkinson, John B.: Notes on the Skipuing of Seaplanss.:
NACA BB No. 3127, 1943,

Skipping is & form of hydrodynamic instebility, present during
water take-offs and landings, that tosses the seaplans into the air
below flying speed. Several investigations of actual seaplanss and
dynamicelly similar modsls have shown that the primsry causs of the
instability is a largs suction force on the afterbody gensrated by
the flow behind & shallow step, The rosults of the investigatiohs
indicate that, for flying boats, catastrophlic skipping may be avoidsd
Yy the use of depths of step £ from 7- Lo l2-percent beam. With .
depths of step of 5-percsnt beam, skipping mey be allevieted by
ventilation opsnings in the afterbody as close to the step and keel
as possibls. The total arsae of openings and ducts should be 2 percent
of the sguare of the beam.

/304, Brooke, H, E.: PB2Y-3 - Correlation of Towing Basin snd
' " Full Secale Effoct of Step Ventilation on Iending Stability.
Rep. Wo., ZH-29-011, Consolidated Alrcraft Corp., Jume 1942,

Bacause of the sxtenslve full-socale tests conducted on the
XPB2Y-3, thig seaplane wes chosen for a comparison with model tests
made at Langley tank no. 1 to deteormins the scale effect of step
ventilation on landing stebhility.

The following conclusions were drawn from the compa.riaon.

(l) The é.egcaJs of - stabllity with various amounts cf v'entilation
wers 1n sxecsllent agreement.

‘ (2) Both modsl and Pull-scals testa showed that the wvents
ne_a.rest the kool wore the most effective for resducing the skippihg.

{3) With tho elimination of skipping on the full-scale seeplens,
an cbjectionzble nsgative -trimming moment was sncountered that was
not sncountered with the modsl. : This discrepency was attributed
to ths diffeyrence in bPdumdary-layer conditions betwesn the md.el
.and ths full-scale sssplans, :

-
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(4) The cushioning effect produced on the full-scale seaplane
by plugging the ducts at the entrances inside the hull was not found
in the model tests.

305. Smith, A. G., and White, E. G.: A Review of Porpoising
Instability of Seaplanes.. Rep. No. H/Res/173, British M,A.E.E.,
Feb., 29, 19k,

o A review has been mads of the evidence on take-off and lending
instability of seaplanes. The basic types of porpoising and their
occurrence have been examined; full-scale results have heen corre-
lated with model scale ard thsoretical results. Various techniquss
of measuremsnt and the definitlions of porpoising instebililty used
full scale at the Merine Alrcraft Experimental Esteblishment and
model scale in the R.A.E. and Langley tanks have been discuesed.

Porpoising instability has ‘be'e.n divided into thrse basic types:
(1) Forebody, essociated with flow over the forebody neer the stsp

(2) Forebody-afterbody, associated with flow over the forebody
and the after 20 to 30 percent of the afterbody

(3) Step instability, associated with "sticking" of the afterbody

An extensive bibiiography ig included.

306. Davidson, Kennoth S, M., and Locke, F, W. S., Jr.: Somo
Analyses of Systematic Ez:pemmnts on the Resistance and
Porpoising Characteristics of Flying-Boaet Hulls. NACA ARR
No. 3I06, 19k3. .

A discussion is presented of certain analyees and condensations
of the test results obtaimed in an extensive series of systematic
experiments on the porpolsing characteristics of flying bozts.

The work is believed to simplify epplication of test results to
practical deslgn problems and to aid in clarifying basic concepts

regarding porpoising.

It 1s concluded that for a given hull tho stability limite are
determined primarily by the net water-borne load in steady motion 4
and secondarlily by the taill damping rate Mq. The positions of the
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upper stability limit and of the. peak oz" the lower sta‘oility limit
are determined by the sternmpost angle and the power (dynamic 1ift)
of the second step. The position of the lower stability limit at
high spesds is determined by the deed rise and the effective

warping of the forebody bottom end probably elso the curvature of

the forebody buttocks. The extent of the upper limit near itake-off
spoed is governed by the effectiveness of the ventilation of the
afterbody bottom in the vicinity of the main step. The sta'bilit_y
limits are satisfactorily expressed as functions of ths dimensionless

criterion "[CA/CV' with the dimensionless criterion for teil damping

i
v-Xyp
2

as & pa.ra.met_er‘where

Cp . load coefficlent
Cy speed coefficient
b beam

e, " water density

v speed

307. Davidson, EKenneth S. M., and Locke, F. W. S., Jr.: Soms
Systematic Mcdel Experiments on the Porpoiging Characteristics
of Flying-Boat Hulls. NACA ARR No. 3F12, 1943.

The results of gystematic model experiments on ths hydrodynamic
characteristics of flying boats are prssented. The experimesnts.were
mads to develop & comprehsnsive view of the factors mflusncing
por'_poz.sing anﬁ. to detormins their ralative importancs. .

The following main conclusions wers made:
(1) Increasing the water-borns load raises both limlts of

gtability without materially affecting the width of the stable range.
Increasing the tail damping rete lowers the lower limit at high gpeeds;
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the magnitude of the effect is greatest, however, at damping rates
conaiderebly below normal.

(2) When a reasonsble length is assumed, the most powerful
afterbody veriable is the angle between & prolongation of the fore-
body keel and & line Joining the tip of the main step with the tip
of the stermpost. Increasing this sngle raises the hump trim and
resistance and the uppsr limit of stability; if increased enough,
upper-limit porpoising at high gpeeds will be suppresesed, Increasing
the atep height also suppresses upper-limit porpoising at high speeds.

(3) If sufficien’ Fforebody length to provide flotation and to
prevent diving at low spesds is assumed, the most powerful forebody
varlsble is the smownt of warping of the bottom in the reglon Just
aheed of tho main step. Increasing ths warping lowsrs the lower
limit at high speeds but raises the hump resistance.

(4) None of ths modifications considered in the experiments
was successful in eliminating completely eithor upper-limit or
lower-limit porpoising and, in gensral, modifications that tended
to improve the porpoising characteristics tended to injure the
resistance characteristics. It follows that any signifilcant
improvement in both porpoising and resistance characteristics must
depend upon improving the basic persnt form of the huil. :

308. Locke, F. W. 8., Jr.: Systomatic Model Experiments on the
Hydrodynamic Characteristics of Flying Boat Eulls. Effect
of Changes of Af'terbody Warping on Porpolsing and Resistance
Characteristics. Rep. No. 196, Stevens Inst. Tech.,

Oct. 23, 19u2,

Toests at the Stevens tenk were mads on & %-size modsl of the

Mertin XPBEM-1 flying boat with ths aftorbody warped by altering tho
angle of dead riss at the sternpost, by reteining the original anglc
of dead rise (20°) at the step, and by maintaining straight buttock
lines. The results of tests with angles of dsad rise of 0° and -10°
at the sternpost are presented and are comparcd with thoss of previous
tests with engles of dead rise of 100, 20°, and 30°.

The results showed that decreasing the angle of dead risc at the

gternpost in tho mammsr described had practically no effect on the
lower trim limit. This decrsase in tho angle of dead rise, however,

RN
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lowered the upper trim limit, decreased the violsnce of lowsr-limib
porpoising near Lhump speed, lowsred the free-to-trim track in ths
vicinity of the hump, slightly decrsased the hump resistance, and
materially reduced the peak resistance occurring at spesds less than
hump speed.

[Ths resuwlts are given in a condensed form as part of a more
general report. See abstract 307.)

309. Locks, F. W. 8., Jr.: Systematic Modsl Experiments on the
Hydrodynamic Characteristics of Flying-Boat Hulls. Effect
of Changes of Forebody Warping on Porpolsing and Reasistance
Charactoristics. Rep. No. 217, Stevens Imst. Tech.,

Dec. 28, 19k2, : o

Tests at the Stevens tank were mads on a.—la-size model of the
3

Martin XPBoM-1 Flying boat with the forsbody werped by lsaving the
section at the step unchangsd and varying the angls of dead rise
linsarly from the step to the forspoint., The profile of the keel
and. ths plan form of the chine weore the same for all five models
tested. The werping varied from 0° to 10.8° per beam-length.

" The results show that inoreasing the warping of the forebody in
this manner lowers the lower trim limit slightly at bump speed and
materially at high spseds, has practically no effect on the upper
trim limlt, incressss the hump resistance, a.nd. lowers the free-to-
trim track.

The two models with the least warping of the forsbody (0° and
2,7° per beam-length) had pronouncod. tendencics to dive when run at
high speeds and low trims

[The results are given in & condensed form as part of & moro
genoral roport. Sse abstract 307]

310. Locks, F. W. 8., Jr.: Systematic Model Experiments on tho
Hydrodynamic Cheracteristics of Flying-Boat Hulls. Effsct
of Changes of Planform of Main Step on Porpoising and

' Resistance Characteristics. Rep. No. 218, Stevens Inst.
Tsch., Feb. 20, 19k3,

Tests were made at the Stevens tank on a é-:"a-size model of the
Martin XPBaM-1 flying boat with a 45° V-step and a 45° swallow-teil
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etep. The plan form of the step was alterod in such a way that the
planing area which was removed forward of tk: normal straight
trensverse step waz added aft of 1t.

The tests showed that the V-step widene.l the stabls range of
trims at modsrate speeds, whereas the swellc r-tail step narrowsd
the rangs. The V-step suppressed upper-limi. porpoising at high
speeds. The plan form of the step did not @ ypreciably influence
the hump resistance, but the V-step reduced s peak resistance at
spoads less than hump speed.

[ The resu.lﬁs are given in & condensed fiyym as psrt of a more
general report. See abstract 307.]

311i. Olson, Roland E., Haar, Marvin I., and ¥3radford, John A.:
Take-0ff and Land.ing Stebility and Spway Char&cter‘lstics of

Modifications of a 3—_]12 ~-3ize Model of t he JRM~L Flying Boat -
NACA Modsl 16&. NACA MR, Bur. Aero., Sept. 8, 194h.

Severel modifications of a ==-size model of the JRU-1 f1ying

boat were tested with and without powered prop¢2llors in Langloy tank
no. 2 to determine the eoffect of changss in'kul.l form on the take-off
and lending stability and the spray chardscteris tice, The modifica-
tions included alterations in form of the forebivdy end &fterbody,
chengss in dspth of step, addition of longltudinial steps and planing
flap to the forsbody, and use of a single swept- back hydrofoil

under the forebody Just forward of the step.

Spray striking ths propellers was not epproc, iably yeduced by

rotating the nacelles up 5-- and thercby increasini\g ths propellier

clearance approximately 1. 5 inchos, by loworing the» forobody bottom
0.9 inch, or by use of inbourd spm,y spoilers. With outbosrd spray
strips tvrned down approximatcly 20°, no spray ente, ¥ed the pro-
pellers at a gross load of 99.5 pomd.s (375,000 1p, full gize).

Elovator deflecticns that trimmed the modsl ebo Ve the lower
trim limit at low speeds geonerelly trimmsd the model &bove the uppsr
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trim limit et high speeds. Modifications that changed the trim

limits of stability generally chenged the free-to-trim tracks in

the same dlrection. Most of the modifiecations caused no apprecieble
change in the range of positions of the center of gravity for take-oif.

Landings of most of the modifications with the design depth
of step were unstable. Incresse in depth of step or use of longi-
tudinel steps on the forebody grestly improved the landing charac-
teristice. With a planing flap at the main step, the molel was
violently unstable. Witk the hydrofoil at the position tested,
the modsl was sxtremsly unstable at speeds Just beyond ths hump.

312. Daniels, Charles J. Tank Tests of 1/10-Full-Size Model of
A1lied Aviation Corporation®s l2-Place Float-Wing Glider -
NACA Model 140, WNACA MR, Bur. Asrc., July 7, 1942,

Tank tests were made on a i:;-)-size modsl of Allied Aviation

Corporationts 12-place float-wing glider to determine gualitatively
the hydrodynamic stability and spray characterlistics of the modsl
under condltions simwlating towed teke-offs from the water and to
evaluate the effectlivensss of certain modifications designed to
inmprove ths performence. Some measurements of the towing resistance
wore taken and ayxe plotted. '

It was found that when a conventiopal steop and afbterthody were
uvsed in conjunction with a flap deflection of about 10° no insta-
Pliity was encounierad. The modal was unstabls in every case with
0° flep geflsction.

Fleat-wing arrangement
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313. Daniels, Charles J.: Tank Tests of 1/10-Full-Size Model of
‘Navy 24-Place Twin-Hull Seaplans Gllder - NACA Model 139.
NACA MR, Bur, Aero., May 29, 1942,

The hydrodynemic stability and spray characteristics of a

-i%-size model of a Navy 24-place twin-hull eea.pla.né glider were

q_ualitatively observed. and modifications to improve the performance
Wwere svaluated.

‘Near get-away spasds, porpoising developed which was of a
dangsrous character with the original design, but increasing the
depth of step and angle of forebody keel improved the performance.
It was found that the performance was generally lmproved by the use
of flaps but that the use of too much up elevator was to be avoided.,
Towing from a bridls errangsment was most sabisfactory but some
satisfactory positions of & single towing point, mounted on a post
betwesn the hullis, were found. -

Same towing resistance measurements were made and plotted.

31k, Danlels, Charles J.: Tank Tosts of 1/1Cc-Frl1-Size l‘od.cl of
Navy XIRQ-1 12-Place Flogt-Wing Seaplans Glider - NACA
‘Model 133, NACA MR, Bur, Aero,, June 26, 1642,

Tanlk toste were mads ona i%—size model of the Navy XIRQ-1

l12-place float-wing seaplans glider 1o observe qualitatively the
hydrodynamic stebility and spray characteristics undsr conditions
simulating towed take-offs from the water. As the performance of

the proposed model was gensrally undesirabls, & conventicnal planing
bottom was addsd. The spray and stability of this modification
wore satisfactory with a flap deflsction such that the treiling

edge of the flap coincided with the corner of the main step. It

was found that variations in tho position of the btowing point have
little offect on the behuvior of the modsl.

315. Parkinson, John B., and Dawson, John R.: Tenk Tests of a
1/8 Full-Size Dynemic Model of the Consolidated Model 31
Flying Boat - N.A.C.A. Modol 110. NACA MR, Consolidated
Aircraft Corp., May 28, 1940,

Tank tests were made on a %«-size dynemic modsl of the Consoli-
dated model 31 flying boat to investigats cerbain modifications
¥
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of the hull designed to improve the spray and stabllity
characteristics, especially at a gross weight of 50,000 pounds

(full size). The modifications included changes in the position
and depth of step, flutes and raflex chines on the forebody, planing
fins on ths afterbody at the sternpost, and an extension of the
forebcdy. Limite of stable positions of the center of gravity

were cobtainsd during accelosrated rums. Asrodynemic 1ift and moment
date wore obtained from tests in which the model was towsd above the
water swrface. Sta‘b*lity tosts werc mads with a 261'- a.nd. a

100-psrcent: increa.se in pltching momant of inertis, a 26 aend &
100-porcent incrsasge in mass moving vortically, and & 20 = and a

100-percent incrsass in both pitching moment of imrtla. and megs
moving vertically.

Results of the tests to deterxmins the limits of steble posi-
tions of tho center of gravity showed that:

1. Deflecting the flaps from 20° to 40° bhad a large adverss
effect on the siable rangs.

2. Moving the step forward 1L inch on the modsl incrcased the
gtablc rangs.

3. Increasing the depth of step 1ncrca.sad. the stebla ra.nga s
chiefly by nmoving ths after limlt.

lp .The effect of a planing fin on the stabls re.nga was
negligible.,

5. Erbend.iﬁg the flat of the forsbody forward had a small
adverss offsct on the steble rangs.

. 6. The effect of changes in load on the stabls rangs was
nsgligible.

Excess of 100 percent in momsnt of insrtia delayed the bullding
up of the unstable motion bubt tended to maks small motions divergent.
Excens of 100 percent in mass moving vertically caused very violsnt
motions that sterted guickly. Incrossing both in tho sams ratio
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resulted in felrly satisfactory agreement with the behavior of the
normel model and might be an acceptable procedurs for modeles that
do not possess true dynamic similerity,

A pronounced scale effect of carriage speed on the asrodynamic
coeofTicients was obtainsed. A comparison of the model teat data with
corregponding data from tests of the full-size airplans indicated
that the behavior was roughly comparable.

316. Daniels, Charles J.: Tank Tests of a 1/10-Full-Size Model of
Navy XIRG-1 24-Place Seaplane Glider - NACA Model 1hl.
NACA MR, Bur. Aero., Jul;y 1k, 1ghe,

Tank tests weres made of a «*—-size model of Navy ZIRG-1

24-place twin-float seaplane glider to determine gqualitatively the
hydrodynemic stability and spray characteristics of the modsl

under conditions simmleting towed take-offs and to evaluate mod.jfica.—
tions designed to improve the performance.

The results of the tests indicated the followlng conclusions:

1. The original design was found to be dangerous because of
violent yawing and porpoising &t about half get-awey speed and
thersfore 1s not recommsnded for full-size operation on the water.

2. Floasts with an increased beam resulted :Ln stable bohavior
throughout the planing rengs.

3. It was not practical to incorporate a modification that
would prevent the tail booms from touching the water. FPlaning
surfaces extending the entire length of the tail booms successfully
Protected the tail booms during the critical-spsed range.

L, The force on the tail booms, while thoy were in contact with
ths water, and the spray on the tail and flaps wore reduced by
lowering the floata.

5., The addition of chins flare lowsred the sprs.y patiern and
increased the yawing stability. '
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6. It is questilonable that & pilot could contrel the yawing -
encountersd while towing from a singls point at the nose of . the
fuselage. A Pridle towing arrangsment attached to ths bows of the
float insures stability in yaw while on the water.

T. The behavior was gspsrally improved with the flaps down.

317, Olsonm, Rolend E., and Zeck, Howard: Tank Tests of a 1/16-Fyll-
Size Model of the BX-) Cargo Flying Boat., I - Taks~Off
and. Iaending Stebility, and Sprey Characieristica of a
Powerod Dymamic Model - NACA Modsl 158. NACA MR,
Dopt. Commsrce, Mey 19, 194k,

"The take-off and lerding éta’oility and the spray characteristics

of a é-size powared d,_vnamic- model of the proposed L0O,000-pound

Hughes-Kaiser flying boat wsre investigoted in Langley tank.mo. 1.
The rangs of trims botween the lower and upper trim limits of
stabllity was found tc be gresater for this modsl than for most models
testad in the lLanglay tanks. Porpolsing at high trims was casily
controlled, and only & small decrease in trim was reguired for
racovery fram upper-limit porpoising. In order to obtain satisfactory
tales-cff stabllicy at positions of the center of greviity to be used
in flight, the main step was moved 3.75 inches forwsrd of sta-

tion 63.62. The results with tho step in this new pcsition wers
extrapolated to ths design gross loaed and full thrust, Satisfactory
teke-~-of £ stability could be obiteilnsd with neutral elsvators at
positions of the center of gravity as far forward as 26 porcsnt

moen aerodynemic chord and with elevetors deflscted -20° at positions
of the center of gravity es far aft as 37 porcent msen asrodynamic
chord. At positions of ths centsr of gravity between 26 and

37 parcont mean asrodynemic chord, elsvatcr control was available

for avoiding porpoising or for recovering from porpoising. For
satisfactory tales-off stability at a forward position of the centsr
of gravity of 20 percent msan esrodynsmic chord, it would be
aecessary to limit the lowest dsfloction of the slevators to
approximataly -10°; if neutrsl elevators wers to be ussd at this
position of the center of gravity, a forward movement of the main
atep of about 6 percsent msan asrodynamic chord would be raquired.

Tho landing stability appeared to be very good over a wids rangs of
trims and positicns of thes osnter of mravity, and only light
skippihg occurrsd when the afterbody or tho tail sxtonsion was
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epproximetely parallei tc the water. A changs in .the sinking speed
of the model had no noticeable effect on.the landing 'behavior.
The spray cha.ra.cteristics were excallent.

318. Benson, James M., and Havens, Robert F.:  Tenk Tests of .a
Flying-Boat Model Equipped wilth Several Types of Falring
Designed to Reduce the Alr Drag of the Me.in Step. NACA ARR
To. Licogb, 1945,

Tank tests wore made of a flying-beet model having various .
types of falring with and without ventilatlion ducts . behind the main
atep to lnvestigate the hydrodynamic characteoristics of the maodsi.
All the types wore designsd to reduce significantly the ailr drag
chargeabls to the.main-ster. The falrings that were made merely
by adding a filler block bohind the maln step had an adverss effect
on the take-off snd landing stebillty. Thoss falrings that offered™
the greater restrliction to the flow of alr Iinto the region undor
the after‘body had the greoter adverse effect.

The configtu‘ation that combined the best etability with a
good assrodynamic form consisted of a shallow step (despth, about
1 percent.of the beam) and an adjoining ventilation aperture having
an ares about 7 percsnt of the sguars of the beam. With this form
of step, thoe landing stability of the model compared favorably with
that of the conventional modsl. . .

319, Parkingon, John B.: Tank Tests of the 1/8 Full-Size Dynmamic
Model of the Consolidated Model 31 Flylng Boat with a
Second Step - N.A. C.A. Model 110-M, NACA MR, Consolidated
Aircraft Corp., July 12, 19%0.,

The results are given of additional tests of the -%sizé

dynamio model of the Conmolidated model 31 flying boat in
Langlasy tank no. 1 to deotermine the effect of & second step on the
gtablility characteristics. The modification consists of o second

traverse -step, ,i‘-:inch deep, located 8}—65- inches forward of the

~
b

originel pbinﬁ of the afterbody, AFt of tha sccond step, the original

bottom is moved. up-LlI inch at the stsp a.nd. 2—~ inch at the stompost

Forward of the second step, the origina.l bottom is unchanged..
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The reaults indicate that the modification as tested is
undesireble because 1t produces additional exciting forces to begin
porpoising and at the seme time reduces the damping effect of the
afterbody in large oscillations. ' -

32G. Parkinson, John B.: Tank Tests of the 1/8 Full-Size Dynemic
Model of the Consolidated Model 31 Flying Boat with the
Forsbody Iengthensd - N.A.C.A. Model 110-L. NACA Supp. MR,
Consolidated Aircraft Corp., Jums 13, 1940.
Tests wore made of & -g—-size dynamic modsl of the Consoclidated
model, 31 flying boat with the forebody lengthened by increasing the
spacing of the etations from bow to step. This procedurs, in
addition to increasing the length of the planing bottom, dscreased
the curvature of the buttocks and the bluffnsss of the water linses
at the bow. The results indicated that this modification had little
effect on the stable range of positions of the center of grevity
and that a more important effect was an improvement in the cleamness
of running. )

321. Llewelyn-Davies, D. I. T. P.: Tank Tests on a Hull with the
Main Step Faired in Planform and Elevation. Rep. No.
Aero 2029, British R.A.E., May 1945.

Tank tests were required to f£ind out whether the water char-
acteristice of a hull with a main step, faired in both plan form
and eleovation, wers comparable with those of a hull with a con-
ventional or trensverss step. Stability dilagrams and spray and
resistance charecteristice were cbtained over a largs ranges of
gross load coefficient /CAO = 0,616 %o Ca, = l.th). :

: L . _

The fully fairsd step offers mors possibility of deslgning
& longitndinally steble £flying-boat hull than does the conventional )
transverse step or V-step, but a hull with such & sten is 5 to
10 percent less efficient hydrodynamicelly except at high speed.
In order to avoid running at too low a trim at high speed, it is
recamended for this particular form that the center of gravity
should be not more than 0,46 beam ahead of the apsx of the step.

The modification to the step plan form makes little differsnce

in the main spray cheracteristics, but increase in all-up welght
reduces wing, tall plans, and propeller clearances.



196 iR NACA RM No. L5IL3

" EYDRODYNAMICS
Longitudinal Stability Undsr Way -~ Stability Characteristics

The effect of increase in load on the porpoising characteristics
1s to ralse both limits, with a tendency for the upper limit to
rise more rapidly, but less regularly, than the lower limit. The
free-to-trim attitudes also rise with increase in ell-up welght,

: The planing efficiency of the hull increases with increass of
'ioad, especielly at high speeds, There is evidence of & second
rbsista.nce hump at high speeds and also of & critical variation of
planing efficlency with attitude under simller conditions.

322, Baker, C. B.: Tank Tosts on a Model of the "FEmpire" Flying
Boat. Rep. No. B.A. 1678, British R.A,E., May 1941,

Tank tests were und,ertaken to investigate the porpoising
cheracteristice of & dynamic model of the "Empire" flying boat, which
is a puccessful modern flying boat with a comparatively shallow main
atep. The modsl was tested under thres conditions: teke-off with
flaps sot at 8%, landing with full flaps, and take-off with full
flaps. These results werc followed by measurements of pitching
momont on a resistance model. The cross-curves showed peculiesrities
not previously noticed to such a marked degree, and various modifica-
tions were made to discover the reasons for these poculiarities,

The pltching moment of & hull and also, possibly, the porpolsing
characteristics are affected by the air flows, Thias effect ims
congidered to be caused hy & high air velocity undesrnesth ths
afterbody in the trough laft by the forebody. When spoller strips
wore placed arcund the modsl from wing to keel, a marked offect
on pitching moment was produced. These strips wers well clear of
the watsr. A shield in front of the model had the same effeoct.
Speiler strips placed on the model were found. to reducs the angle of
minimm dra.g at a given gpeed.

An attempt is to be meds to measure the alr pressures in the
gap bstwesn the alterbody and the water, and resistance teets are
to bs made on a numbor of models beshiand shields to investigats the
effect of air flow on drag and on angle for minimum drag.
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323. Anon.: Tank Teats on the Resistance and Longlitudineld
Stability of Short R.2/33 Flying Boat (Sundsrland).
Second Addendum to Report No. B.A. 1286. Rep. No.
B.A. 1286b, British R.A.B., Feb. 1938,

Bocauae changes in the design of the Sunderland flying bcat

- were incorporated Suring its construction, further t¢sts were
required cn ths dynamic modsl to determine the effect of an increases
in gross welght and en af't movement of the cenler of gravity, the
stop, and ths wing. Taks-cff and landing teeis were made in calm
and rough water to determine the atability and spray characteristics.
The limits of staebility were improved dbul the seaworthiness was not
gquite so good as it was with the origlnaJ. deslgn.

32k, Iend, Norman S,, and Lina, Lindsay J.: Tests of a Dynamic
Model in NACA Tank Wo. 1 to Determine the Effect of Lenghh
of Afterbody, Angles of Afterbody Keel, Gross Load, and a
Pointed: Step on Landing and Planing Sta'bilit,;. WACA APR,
Morch 1911-3.

Tests wore ma.de to determins the effect of lengbh of after-
body, angle of efterbody keel, end gross locd on thg limits of
stable trims and on the landing characteristics of a medsl of a
flying boat with conventional steps. In addition, tosis were
nade of a pointed-step modsl. Ths mnd=l represenited a hypothsetical
flying boat with a dosign gross load of 160,00C pounds and & wing
span of 200 feet.

The tests showed that, between gress loeds of 1k0,000 and
200,000 pounds, the stabillty at landing remeinsd unchanged.
Incrsasing gross loads raised the stabls trim renge to highoer
trims and kept the steble rangs constant.

The tests also shcwed that there is an opiimum cngle of after-
body keel which results in the greatest rangs of stebls trims bub
not necessarily the beat landing stebility., The modeld with the
highest angls of afterbody kesl tostod showed the bsst landing
stablility at low landing trims; whoross the model with thse lowest
angle was the most stablo at high landing trims.

With a constant angle of afterbody keel, ths shoriest afbtsr-

body tsstod exhibited the greatesst stability at landing and the
wldest range of stablo trims.
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The one form of pointed step investigated showed & very
narrow rangs of stable trims but had no tendency to skip on landing
at any landing trim,.

325, Benson, Jamss M., and Lina, Lindsay J.: Tho Uso of &
. Retractablo Planing Fla.p Ingtoad of a Fixed Step on &
Seaplano. NACA ARR No. 3831, 1943,

Data aroc presontsd and discussed to shcrw the irmorovements in
both the hydrodynsmic end the aerodynamic performance of & secplans
that could be obtaimnd if a restractabls planing flap wers used
instead of the convehtionnl mein step. The improvements in
resistance mads possible by use of a planing flap to vary the
depth of step during and after teke-off are of thz order of 8 per-.
cent in the wator reslstance at the hump speed and sbout 2 or
3 porcent in the total air drag of a long-rangs Tilying boat of
current design at crulsing attituds. One type of retractable
flap thet cowld bo used is doscribed end the results of hydrodynamic
gbability tests of a model fitted with the flap ars given. The
tosts indicated that geood stability charecteristice could be pro-
vided with the planing flap for teke-off and land’ng.
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32::. Evens, G. J., ard Shaw, R. A.: Water Performance of
Sunderlend K. 477h with & 1 in 6 Step Fairing. Rep.
No. H/Res/1h2, British M.A.E.E., April 9, 194L1.

Tegts have boen made to investigate thse wabtsr-handling qualities
of the Sunderland K.LTT4 flying boat when fitted wilth a step fairing
of msan gradient 1 in 6. The tests were a further dsvelopment of
those made with 1-in-2 end l-in-4 step feirings. Attituds, accelsre-
tion, end water-prsssure measurements have besn made during teke-off,
landings, and steady taxying runs.

There is some loss of water stebility with the 1-in-6 fairing;
the bouncing type of porpolse, ich occurred only during texying
at high attitudes and high speeds with the l-in-h fairing, occurs
frequently in landing with the 1 -in-6 fairing. Porpoilsing occurs
whonever the attitude at. touch-down is over 3°. When the ettituds
at touch-a.own is 2° or lsss, the landing is guite normal.

The bouncing typs of porpoisc is associated with fluc'buating
pressures end suctions on the aftorbody. There ars no pressurss
or suctions on the afterbody during steady plening conditions or
sven durlng normel nonbouncing porpoising.

Tho Sunderland with the 1-in-6 fairing ie not considered
suitable for service usse because of ths instability whick occurs
during landing.

327. Evens, G. J., Smith, A. G., Shaw, R. A., and Morris, Wer
Water Performance of Sunderland K. 4774 with Step Fairing.
Rop. No. H/Res/iLk0, Britieh M.A.E.E., Dec. 13, 1940,

Teosts were made at the Marine Alrcraft Experimental Eatablishment
to investigate the hydrodynasmic guelitiss of the Sunderlend E.L7TL
flying boat £itted with step-fairings of mean gradient L-in-2
(fairing 1) and 1-in-k (Pairing 2).

Attitude and acceleration rmeasuremsnts have been made during
take-offs, landings, and steady and porpoising taxying runs. Water-
prossurs measuroments have been made at various statlons over the
hull bottom for the Sunderland wlthout fairing end with the
1-in-k fairing.

The fairings were found to have no percentible effect on the
attitudes, water moments, and water resistance of the flying boat in
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steady conditions, though thers appeared to be a reduction in the
bump speed of 3 to 5 knots with fairing 2. With fairing 2 a
bouncing type of porpoise was intreduced during texying runs st high
spoeds and at nigh attitudes though there was no evidence of the
stability limits boing affected. The bouncing porpolise is
agsociated with & fluctunting water flow over the afterbody, &ni
pressure anf suctions cf the ordsr of 5 pounds per squire inch

and -2 pounds per sguare inch were recorded. This porpoise was

not encounitered during any take-off or landing.

Ordinary porpoising is accompanied by fluctuamting pressures
on the forebody only. Zero pressures were recorded on the afterbody
statione of the hull, without feiring and also with falrings 1
and 2, for all hydrcplaning conditions during teke-off, laending,
and stead.y runs. The powicing instability Just a.ppeared. with
fairing 2 at high attitudes and high spesds, but with a longer
Palring it may come within the tekes-off and landing-attitude range.

328. Bird, J. H.: The Water Stabillty of the Glonn-Mart.n PBM-3C
(Mariner) Fiying Boat. Rep. No. B/Res/184, British M.A.B.E.,
Nov, 10, 19k,

The water stabllity in teke-off and landing of the Mariner has
boen exemined over & range of loadings, Tests were mede at groes
Wwoights of 42,000 pounds, 46,000 pounds, 50,000 pounds,

54,000 pound.s, the center- of-gra.vitv position :f.‘or all tests was
"2 percent standard. mean chord. .

At the huvmp speed in take-off, the aircraft wes unstable at
the higher welights with the olovators nsutral. Only at the two
lower weights tested could the alrcraeft be trimmsd to avold ths
instability region without baving the stick well back. Very iittls

. insta.bility was experlenced dwring landing but the aircraft has a
‘tendency to bounce at high touch-down speods.

329. Stout, E. G.: XFB2Y-4 - Hydrodynamic Characteristice.
Rep. No. ZH-29-018, Consolidated Aircraft Corp., Juns 1943,

Flight tests on the Consolidated XPBZY-U Iflying boat with
spray strips devslopsd by tho Kationsl Advisory Committes for
Aeronautics were made at 1800 1700, and 1200 breke horscpower per
engins tc lnvestigate the hydrodynam.c characteristics of the
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flying boat at gross loads from 58,000 to 75,000 poumds. Ths
togte at 1200 braks horsspower psr englns were nads at loads wup
to 72,500 pounde to simulats the cheracteristics of the

PB2Y-3 flying boat, for whick the spray strips were devolopad.
The tests at 1800 brake horsepower per cngine woro made at
76,000 pounds gross load. only. :

Spray strips resduccd the hoight of ths spray from that
obtained on the FB2Y-3 flyling boat without spmy gtrips. Ths
duration end intensity of spray in ths propsllsrs decroased with
increasing acceleration (incremsing power). Directional stability
during talks-off and goroeral handling charactesristics improved with
increassd powor., Tho spray strips a.p'oa.rent_y had no effect on
stability or hendling characterilistlcs.

The rasults of tests of center-of-grevity limits of stability
are anolyzed and the separate sffects of gross wsight, flap and
elevator dsflsction, ond acceloration aro showan. The effscts of
acceloration ars in good sgreemsnt with results of tests of a
powersd dynamic model of the PBZY-3 flying boat made a2t Langley
tank no. 1., The sffecta of power loading end gross weight on
tako-off tims are showm. '

Landings at all gross welghts wors satisfoctory. No skipping
was observed, which showed that tue production step ventilation wes
adaquate up to 76,000 pounds gross lozd.

(See sleo abstracts 34, 121, 134, 145, 146, 153, 18c, 202, 216, 217
220, 250, 252, 254, 235, 257, 258, 260 277, 38:, Jge, and 396. 5

Lateral Stabllity Undor Way

See abstracts 281 and ko1,
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330. Milliken, William F,, Jr.: Analysis of Iateral Stability on
the Water -~ Model 31k Airplane with Hydrostabilizers.
Rep. No. D-2532, Boeing Aircraft Co., July 19, 1940.

The lateral stability of the Boeing 314 flying boat was felt
to be marginal at light gross weight and at water speeds up to
20 miles per howr., Turns Ilnto or out of the wind or cross-wind
taxying resultsd in eoxcessive angles cf hesl. Observations of the
full-size flying boat indicated that, at the critical speeds, a
depression in the water due to the bow wave occurred in the viecinity
of the stub-wing stabilizer., Both model and full-size tests were
made to ascertain the cause, Previous tests are sumarized hsrein
and conditions to he met iIn the d.esign of a satis*’actory hydéro-
stabilizer are discussed.

Dats obtained at Langley tank no. 1 on the wave formatlion in -
the vicinity of the stub wings (=ee abstract 256) are anslyzed.
It is concluded that increasing the incidence of the etub wings
or deflscting a flap at the treiling sdge would incriase the
righting moment provided by the stub wings. A design for improved
etub wings incorporates incrsased span and aree, incrsased anglu
of 1ncidence, and a bottom that is longltuvdinally flat instead of
slightly convex downwards.

331. Coombes, L. P., and Bottle, D, W.: Notes on Stubs for
Seaplanoes. R, & M. No, 1755, British 4.R.C., 1936.

Purpose of Investigetion.- Informatlion was reguired on ths
relative merita of a flying boat fitted with stubs and wing flcats
for lateral stebilization on the water. The nocessary tenk tosts
were made at the Royal Alrcraft Establishment, and the tests of
the hull with stubs were broadsned in scope so as to give date of

snersl use.

Range of investigation.- Preliminary teosts wers made to deter-
mine the type of hull suitable for stubs, and thon systemetic tests
to Tind the effect of changss of positisn and shave of the stubs
wers carried out, Wind-tunnsl tesis were also made to complete
the investigation,

The results were supplomented by data from othor tanks, end a
comparigon wes drawn between the performance of the same sceplune
fitted with stubs and with wing floats.
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Conclusgions, -

(a) The shape of the hull to which stubs are attached is
relatively unimportent and & specisl design of hull is not requ_red.
when thig form of stebilizer 1s used.

(b) Some unfavorabls wave interference between the stub and
hull will cccur at low speeds, but the position of the stub can
be chosen so that tis effect on the teke-off is negligible. The
effect of the different wvariables is given in the form of
curves.

(c) The relative merits of stubs and wing floats will depend
on the design, but provided the stubs ars set to give their optimum
psriormance it appears that:

(1) Tho weight of a stub design will be from 0.5 percent
to 3 perosnt greater than ths wolight with wing
flosta,

§2) The take-off time is epproximately equal.

3) The lateral stability obtainsble with stubs is lsss than
that given by wing floats,

(k) Longitudinal stability (porpoising) is unaffected by
the changs from stubs to f£loatas,.

(5) The maximm spoed in flight is about equel.

(6) From the cxperience gained in othsr countries, notably
Germany, the seapla.ns with stubs appoare to be more
geaworthy. -

332. Fehlner, Ieo F.: Soms Design Criterions for Wing-Tip Floats.
NACA MR No. L5HO2, Bur. Aero., 1945,

: An analysis 1s made of the performance expected of wing-tip
floats for scaplanss and & design procedure is developed for dster-
mining the buoyancy and dynamic 1ift requirsmsnis of tip Ffloats.
This design procedurs can be adjusted to ths individual requircments
of each class of seaplans and 1s thus more flexible than Tormulas
that previously have beon applied to the design of tip floats for
&8ll classos of ssaplanvs, The design procedure was applicd to the
design of the wing-tip floats for a particular scaplans, and 1t was
found that the wing-tip floats could displace sbout half the volums
which they displaced when designed sccording to previous criterions.
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A discuesion of the loads on the supporting structure of the wing-
tip float during planing at large drafts iz includsd.

The results Indicated that sabtisfactory lateral stability
would be maintained if the wing-tip floats were designed to produce
forces no larger than necessary for resisting the most probable
meximun upsetting mement, Any forces greater than these are
consldered hazards becauss forces due to excessively largs wing-tip
floats either increase tho probability of structural failure or
unnecessarily burdsn the seaplane with additional weight. Wing-tip
floats deslgned according to the procadure presented in this
analysls should be supporited by structures designed to withetand
the maximum forces and moments on the wing-tip float during its
complate submergence at high velocity.

{See also abstracts 3%, 204, and 316.)

| Latersl Stability Under Way - Directlonal Stebility

333. Pierson, John D.: Directional Stablllty of Flying Boat Hulls
during Taxiing., dJowr. Aero. Sci., vol. 11, no. 3, July 194k,
pp. 189-195.

Increased loading of flying boats to the maximum operational
12mit hes led to a renswed interest in the directional stability
charecteristics of hulls. Casss have arisen wherein yawing at
speeds below the hump has prevented take-off, Also, cross-wind
operation is often impossible below hump speed because of weather-
cocking. At these low speeds rudder effectiveness is slight and
unbalanced power would reduce acceleorating forces, with the net
result that inherent directional instability is uncontrollabie.

Investigation of these characteristics was mads on several
Flying-boat models in the Expsrimental Towing Tenk, Stevens
Institute of Technology. Curves of yawing moments agalnst yaw angle
wore determinsd at various model speeds and loadings. Assembling
of these individual stability curves on a grid of loading plotted
ageinst spsed formed the composite charits cf. directional stability,
which show the over-sll plcture of the hull directional stability.
The charts exposed regions of severe instability on the basic hull
forms.,
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Tests of the forsbody alone demonstrated its responsibility for
the low-speed moderats instabllity and showed that the flow along
the rounded afterbedy lines caused the severe discontinuities near
hump speed. Modifications to straighten or separate this flow on the
afterbody were tested in & similar manner. The modifications
inciuded skegs along the keel and under the tail cone and chins
strips and side steops nsar the .second step. The side steps were
most effective on the models and were applied full scale. Flight-
test results, while gualitative in extent, indicated substential
improvement in the ' texylng performsnce of the airplans.

334. Pieraon, J.: Modsl PBM-3 end b - Towing Basin Tests to
Improve Directlonel Stability below Hump Speed. Engr. Rop.
No. 1648, The Glemn L. tin Co., July 30, 19h2.

- Undesirable yawing characterlstics of the FBM-3 at spaecls
below the hump first becams appersnt in atbtempted cross-wind taxi
runs. Later, during high-overload water tests conducted by . the
Navy Trial Board at Rorfolk, Va., proncunced dirsctlonal instability
becams the limiting factor in the determinstion of the maximm gross
welght for talks-off.

Concurrantly with the flight tests of the ship the behavior of
ths —pi-e-size model was being studisd at the Stovena Institute of

Tschnology Towing Temk. Model tests in a yawod end heeled attitude of.
the criginal bull form ravealsed a very unstable region just below -
hump speed in both the upright eni the hssled vositions of ths

model.

A number of modifications to the hull wers tested. Thess
included skegs, spray strips, and vertical steps on the sidss of
the afterbody. The vertical steps wore the most succeseful. The
ungtebls rengs was seliminated in the model tests by the application
of thess side stope on the alterbody and thoey wers reccmmended for
test on the airpla.ns

335. Gott, J. P,: Note on the Dircctional Stability of Seaplanss on
ths Water. R. & M. No. 1776, Britisk A.R.C., 1937.

This investigation was made to elucidats the problem of the
directlional stabillity and control of flying boats on the water.
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The motion of & flying boat on the water has been investigated by
making step-by-step calculations, The calculations refer to two

hulls, Some of the data wers obtained from existing tank tests,

whille special tesits were made whsre necessary.

In order to investignte the directional controllability of
flying boats on the water, it was found sufficient to compare the air
rudder moment with the rFawing moment duws to yaw in the water,
provided that the momesnts are measured about suitable body axes and
at the rumming attituds of the hull, - A high running attitude is
favorable to directional stability. It is suggested that occasional
uncontrollable directional instabllity occwurs when & flying boat
runs at an unusually low atbitude. The low attitude might bo
aggociated with a fast landing or with porpoising about tie lower
limit of stability.

336. Schairer, G.: Report of Towing Tests of the Model XFBB-1l on
leke Weshington during October & November, 1940 -
Model X¥FBB-1. Rep, No, D-2939, Boesing Aircraft Co.,
Nov. .15, 1940, _

Tests of a ]—-]-'6-5126 dynemic modsl (see abstract 281) of the

Boeing XPBB-1 flying boat wore mads on Leke Washington at Sand
Point Navel Alr Station to determine gumlitatively the directional
stabllity characteristics and behavior of the model undsr rough
waler conditions with varlicus wind conditions, Thes model was
towed by & bifurcated wlre bridle attached to the lsading edge of
the wing outboard of the nacelles and was otherwise freo. Wire
rings were fitted to simulate the propseller disks. The stabllity
and spray characteristics wore satisfactory. A revised tip float,
shorter than the original but having the same volums, was bested on
the model and found to be the more satlefactory. The directional
stability of the model was much better than thet of a modsl of ths
Boeing 31k tested previously. Porpoising was not affected by angle
of yaw. .

" {See also abstracte 153, 179, 234, 257, 280, 283, 285, 200, 292,
29k, 295, 316, 329, and 330.)
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337. Wenzingsr, Carl J., and Bowen, John D.: Tests of Round and
Flat Spoilers on a Tapered Wing in the NACA 19-Foot
Pressure Wind Tunnel. NACA TN No. 801, 19kl,

Several arrengements of round and flat spanwise spoilers
attached to the upper surface of & tapered wing were tested in the
Langley 19-foot prsssure tuonel to determine the most sffective
type, location, ani size of spollsr necessary to cause a large
reduction in the 1ift on the wings of largs flying boats when
moored. The efifect of the variocus spollsrs on the 1ift, the drag,
and the pitching-momsnt characteristlics of the tapered wing was
moasured over & range of angles of attack from zero to meximum
lift. The most effective type of spoller was fcund to be ths flat
type with no space between it and the wing surface. The chordwise
location of such a spoilsr was not critical within the range
investigated, from 5 to 20 percent of the wing chord from the
leading edge. & flat spoiler 2.5 psrcent of the mean asrodynamic
chord in height would probably be sufficient to prevsnt a moorsd
Tlying boat from lifting off the water.

(See also abstracts 22 and 64.)

Propulsive Arvangemsntas

338. Chillson, C. W.: Reversible Pitch Propellers as Applied to
Water Handling of Multi-Engine Flying Boats. Jour. Asro.
Sei., vol. 7, nmo. T, May 1940, pp. 265-275.

Brief meontlon is made of several roversible-pitch propellsr
epplications., Some of the problems encountered In the water handling
of multiengine flying boats ars discussed. Ths use of revaersible
propellers ls proposed as en sid to mansuvering, and tests are cited
in vitich it was found pcssible to turn a four-engine flying boat in
as small a radius as dssired and to stop or to back sgainst the wind.
Adaptetion of a conventional electricelly controllable propsller for
reverse-pitch opsration is illustrated schematically and dsscribed
briefly. While engine cooling impoess limitetions to protracted
high-power operation in reverse pitch, experience to date indicates
that thess limitations need not be excesded in normal operation.



208 W HNACA RM No. L6I13

AERODYNAMICS
Propulsive Arrangements

Engine overspeeding while the bladee are going through zerc angle is
brevented by engine end propeller inertla at modsrate throttle
settinga and wlth available rates of pitch changs. Limitations
imposed by propeller blade and retentlon stresses and the effect of
forward tilt thereon are discussed. No ill effects of negative
thrust are to be expected on either engines or engins mounts.

(See alzo sbstracts 56, 57, 268, 311, and 363.)

Forces and Momenta on Eulls and Floats N

332. Houwse, R. O0.: The Aerodynsmic Drag of Five Models of Side
Flocts. N.A.C.A., Models 51-E, 51-F, 51-G, .51-H, and 5i-dJ.
NACA TN No. 380, 1938.

The drag of five models of side floats was msasured in the
Langley 7- by 10-foot tunnsl, The most promising method of reducing
the drag of floats indicated by these tests is lowsring the engle
&t which the floats are riggsd. The addltion of & step to e float
does not always incroase the drag in the flying range , floats with
steps sametimes having lower drag than similar floate without steps.

Vaking the bow chine no higher than necessary might result in a
reduction in alr drag because of tho lower angle of piich of ths
chines. Since side floats are used primarily to obtain lateral
stability when the ssaplanc is cperating on the water at slow gpoede
or at rest, greater consideration can be given to factors affacting
aorodynamic drag then is possible for other types of float and hull.

340, Harimen, Edwin P.: The Acrodynamic Drag of Flying-Boat Hull
Models as Measured in the N.A.C.A, 20-Foot Wind Tunnel - I,

Meagurcments of aerodynamic drag havs bsen meds in the
Langley proveller -roasarch tumnnsl on & raprasentative group of
c¢leven flying-boat-hull models constructed originally for Lesting
in Langley tank no. 1. Four of the modsls were modifisd to
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investigate the effect of veristions in over-all height, contour
of deck, depth of stsp, angle of afterbody keel, ané ths additlon
cf spray strips and windshlelds.

Tha r-asulus of thsse tvests, which cover a piich-angle rangs
from -3° to 10° , 8rs9 prasanf::d. in a form suitaebls for use in per-
Fformancs calculatcions ami For design purposes. The drag of the
Yecleanest" model was compared with that of an alrship hull at
approximately the same Reynolds numbsr. The o3siitts showed that:

(1) The drag coefficién besed on maximum cross-sectional
area, dscreassd with increase in the height of hull - tna drag,
cf course, actually increased.

(2) The minimum drag of e rounded-dack hull was 20 to £5 per-
cent lsss than that of a flat-dsck hull of the sams over-all hsight.

(3) The drag coeff:.c'?ent wag incrseasad approximately 20 percent
by the.addition of & l-inch stwsp (5.9 percent beam). Pointed steps
appzared to have a higher drag than ilransverss abgps; the higher
drag was dus probably to ths lncresassd dspth.

(k) Up to an angle of s&bout 69, ths effoct of the engle of
afterbody kesl cn drag wes practically n3gligibls, butv the drag
incroassd quite rapidly for lerger angles.

(5) The sprar strips ; waich wers about 2 psrcent of the bsam
In widta, incresssd the minimum dreg of the modsl by approximately
8 psrcent. . ‘

(5) The drag of a 15° undercut windshisld wes approximately
20 psrcant more vhen that of an ordinary windishield.

(7) The drag coefficient of an sirship hull modsl was about 0.0,
whereas the minimwm édrag coefflcient was 0.092 for the cleansst
hull model. Ths drag off the flying-boat model cculd he reduced
about 42 percent if practical considerations wers dlsregarded.

3k1. Kohler, M.: Aerodyremlc Forces and Moments of a Sea:olane on
the Water. NACA TM No. 728, 1933.

Wind-tunnsl tests vers made on a model of & twin-float twin-
engine biplane seaplans over a plate réprasenting the surfacs of
the water. The tests wers made for anglss of piteh of -1.59, 3°

2
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and 8%, angles of heel of 0° and 5°, and angles of yaw fram

0° so 360°. Measurements were teken on & six-componant balance
and the results were lransformed to axss flxsd with respect to the
ssaplans.

342. Ccombes, L. P., and Clark, K. W.: The Air Drag cf Hulls.
Alrcraft Engineering, vol. IX, no. 106, Dac., 1937,
PP. 315-521, 328.

Tho design of a flying-boat hull is a compromise bstwesn the
usually confliciing requircments of good performance on the water
end in flight. A large amount of information ls avallable on the
effect of form on the water characteristics of hulls but litile is
known about the corresponiing effects on air drag. In an cffort to
bridge the gaps existing in such data, a systematic Investigation
wvaa made at the Royal Aircraft Establishmont.

The work was divided into two broad divisione: the sffect of
altering the mein dimensions of & hull;, end ths effect of altoring
the detailed featurss. Owr-all length-beam retios from 5.5 to 10.0
woro used in the investigation, [The dimensions were evolved
approximately by the relationship between load coefficiont Cp and

length-bean ratic L/b
L)E: . 5"!‘
Ca « (’b

in ordsr to maintain uniform seaworthiness, }

From changes in the cross-section of the hull, it was found
that oL

1. A narrow boam is favorabls in svery way excspt for accommoda-
tion, Ths limiting ratio of over~all longth to beam, boyond which
1t 1s not economical to go is probably between 9 and 10.

2, Aldeép hull is a good feature.
3. A deep V-section has & lower air drag then a flat V-section,

but if an angle of dsad rise of 20° to 25° at tlo main stsp is
. exceeded the wator performence is seriously Iimpaired.
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4, A hollow V-section is good for water porfurmance but entalls
& small loss in drag.

5. ProjJocuing chines end chins strips are very bad. Flush
chines should mot bs rounded. .

The effects of soms of the fsatures nscsssary for good water éer-
formance are

1. Adding a V-shapa plan:.ng vottcm and chinss increasss the
alr drag 10 psrcesnst.

2. Making the planing bottom discontinuous in angle has no
dotrimental effect, but occtual breaks or steps increass the alr
drag appreciably. - .

2, Curving wp the aftorbody to give water clsarsmce for ths
tall plane incrsasss tho alr rag coneiderably.

Srmw of the effects of steps ars

1. Ma.in steps are bost made of straight transverse form for
cair drag. All other plan forms of step have s higher drag except
8 60° v (apex pointing aft).

2. Rear steps tapsring gradually to a wortical Imife cdgs
have the lowest air drag. '

3. Fairings .:E'o.r gtops have a had sffect on water performancs
unless they ars sither mede rotractebls or leave & shallow step
across the hull. Guids wvahss to deflsct ths alr romnd the stepa
ars ussless. . o
From the invsetigations of laterel stebilizers, it was found that

1. Wing-tip floats that retract into the engin.e nacellss havs
a lower &ir drag than fixed floass,

2. Retraction of the wing-tip £loats outverd to the srlng_ tips
is not wortk the mechanical complication sxcapt to prevent ogciila-
tions in flight at high spseds.

3. Stubs have a high air. drag.
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In general, the drag of a normal hwll of good form iz about
30 to Lo percent greater than the drag of & pure aitreamiine shape
of the sams volums, and this drag 1s lncreassd & further 20 to
25 porcent by the need for lateral astabilization. It is possibls
to reduce the hull-plus-stabilizer drag to soms 15 psreent above
the ideal, but the actual figwre will in gensral be highser because
of ssaworthiness requirements.

343, Jonmes, R., and Pell, G. N.: The Alr Resietance of Flying
Boat Hulls. R. & M. No., 461, British A.C.4., 1918.

Models of nine flying-bost hulls wore tostsed in the T-foot wind
tunnel of the National Physical Iaboratory. Theo 1ift and drag at
various angles of pitch were moasursd for one model, and thse drag
at one angle of pitch was mesasured for all other mod.ols The tusts
wore mads over & range of speeds.

344, Wilson, Herbert A., Jr., and Lipson, Stanley: Cloan-Up Teets
of the SC-1 Airplanz in the Langley Full-Scals Tunnel -
TED No. NACA 2348. NACA MR No. L3A3la, Bur. Asro., 1945,

An investigation of the SC-1 airplany has boen conducted in ths
lengiey full-scale tunnel to datormine modificationa that will
increase its maximum speed-and to evaluate the maximum 1ift, tho
stalling characteristics, and ths stabllity and cantrol. Oaly
a2 preliminary sumsry of the drag clsan-up results is pressnbted
In this report. These results show that the maximm spucd of the
airplans can be incrsased approximetoly =1 mlles psr howr by making
relatively minor modifications and refinements to thy dotail.-d design
of the airplane.

[Of special intersst are the rolative magnitudes of the drag
incromonts of the floats and the excreecenccos and unsealcd geps
on the fuselage. Removal of the ma.m Tloat a.nd tip floats would
add 35 miles por hour to ths top gpszo

345, Pamnsll, J. R., and Griffitks, Z. A.: Determination of the
Forces and Momente Acting on & Modsl of & Flying Boat Hull.
R- & M- NO. 22_)‘, British A-C-A;, 1915¢

Wind-tunnel tests were made at the National Physical labcratory
on & model of a flying-boat hull. The variation of longitudinal and
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normal forces and pitching moment with angle of pitck arnd the
varistion of longitudinal and lateral forces and Fawing moment with
angle of yaw were dstermined. The variation of drag with speed was
also measured. :

346, Jones, R., Bell, A. H., and Brown, A, F.: Drag Measuroments
on a Model of a Flying Boat Eull in the C.A.T. 7734,
Ae. 254C, British A.R.C., June 8, 1944,

Air-drag measurements wors made on a modsl of & flying-boat
hull and a typical landplisns fuselage at gevsral angles of
incidence and ovsr & wide range of Reynolde number. Frovision
was mads to fair the step in the huwll with six different types of
fairing. The obJject of the investigatlon was to provide data for
designing s hull having a drag comparable with a typical fuselsags.
The effect of fairing the chimes at ths forward snd of the kull was
sxamined as also was the offect of a cabin on the fuselaps. A
comparison with similar tests conducted in 1938 is included.

The results show that a hull form can be evolved having a
drag only 6 percent higher than that of a fuselags. At the
expense of an increase in drag of only 5 percent over ths best
fairing tested, a type of step can be designsd which will probably
avoid the increased weight end complicetlons of a retractable
felring. .

The results of the earlisr ezporiments were confirmed.

There 1s little chapgs in drag cosfficient OCp with incidence
at positive angles. (Cp is bassd on surface area.)

Fairing the chine has little affac't_; it causes & dscrease of
less than 0.0001 in COp. .

The retio of the Cp of ths fuselage with cabin tc that of
the hull with straight fairing is 0.94% and the corresponding ratio
from the earlier tests is 0.9L (no fin or cabln).

The most effective fairing is the straignt fairing and by use
cf such a fairing it is pcossible to design a hull having only
6 percent mors drag than e fuselags of similiar surface arsa, The
actusl reduction in drag obtained by cdopting the straight fairing
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is about 25 percent in the prosent instance. The area cf the
step is about 9 percent of the cross section of the hull.

347, Milliken, Clark B.: TFirst Additional Wind Tunnel Tests on
8 0.068 Scale Model of a Rovised Version of the
Bosing Model XPBB-1 Flying Boat without and with Running
Propellers, GALCIT Rep. No. 307, Sept. 24, 1941,

This report describes tests of a 0,068-scale model of &
revised version of the Boeling XFBB-1 flying boat mads in the
GATLCIT 10-foot wind tumnel. Tesgts without rumning propellsrs were
made at a wind speed of about 161 milss por hour, & dynamic pres-
suwre ¢ = 60 1b/ft2, and a Reynolds mmber of 1,230,000, Teuts
with running propellers were made at a dynemic pressure of
10.24 pounds per footl. :

The investigatlon was dividoed intc the following broad groups:

Conventional Investigation without Running Propellsre

(1) Effects of miscullansous modifications, chiofly on lift
and drag

(2) Horizontal tail surface and flap effccis
Investigation with Running Pfopellera
(3) Gomeral description of procedurs
(4} Flap and tail offects with various constant powers
(5) Visual flow observations using tufts
348. Gothert, B., and Ribnitz, W.: Dor Luftwiderstand von Schwimmsrn
und Flugbooten. Luftwissen, Bd. 6, Nr. 3, March 1939,
Pp. 101-107, (Available as British Air Ministry Translation
No. 1042.)
From systematlc examination of available literaturs on ths

asrodynamic qualitles of hulle, ths following conclusions are
drawn.
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(1) The factor of serodynemic sfficiency of well-designed
hulls with smooth surfaces, that is, the ratio of the drag of a
streamline form of aimilar fineness to the drag of the hull applied
to existing forms, is betwsen 0.55 and 0.62 for floats and
betwesn 0.60 and 0.55 for boat hulls,

(2) A float form of low fiying drag possesses a rounded deck
angle, reverse bow sheer, and easily rising bilge line.

(3) The principal drag factors of well-designed hulls comparsd
with streamline formas include the design of ths step (sbout .
10- to 15-percent increased dreg) and the stern sheer (about
15-parcent increased drag). -

(L) The drag of the main step cen be estimated with a step
drag coefficient oyg, = 0.20 (related to the step transverse

area); the drag of the second step is usvally exceptionally small.

(5) Retractable step fairinge with & longth not excesding
six times the step depth a..'tmost‘ccmpletely eliminate the gteop drag.

(6) The asrodynamic efficiency factor of land-aircraft fuselegss
is about 30 percant highsr then for hulls of usuwal deslgn. Step
falring of flying-boat hulls with low stern sheer, however, may
be expected to bring the efficiency factor of flying-boat hulls to
within about 8 percent of ths efficiency factor of land-ajrcraft
Tuselages. '

349, Naylor, P, E.: Note on Alr Lift and Drag of Sundsrlsnd,
Rep. Fo. H/Res/181, British M.A.E,E., Oct. 13, 19hk,

An Investigation has been mads of the sercdynenic efficisncy
of ths Sunderland flying boat.

“The resulis Indlicate that the clesannoss of the Sunderlend is
gimilar to thet of many four-engine landplangs but, dus to the
large surface area, ths total skin friction and form drag is higher.
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350. Simmons, L. F. G., and Cowley, W. L.: Report on the Asro-
dynamic Propertles of Seaplene Floats, Part I. The
Blackbwn Float. Pert IT, The Air Department Ma!n Float
for the Short Seapleme., R. & M. No. 285, British A.C.A,,
1919.

Wind tunnel tests were made at the Natiomal Physical Laboratory
of models of two floats formed by adding planing surfacos and chinss
to strsamline bodles of revolubion. The minimum drag of these
floats was low in comparison with the minimum drag of other floats
previously tested. The offwct of removing the planing surfaces
and chinea of the tail of one of the floals was to Incrrags the
1ift slightly without appreciably altoring the drag and to make the
pitching moment less positive at angles of pitch up to 139,

351, Fullmsr, Felicien F., Jr.: Tests of & 1/k0O-Scale Wing-Hull
Model and a 1/10-Scale Fleat-Strut Model of the Hughes-
'‘Kalser Cargo Alrplane in the Two-Dimsnsional Low-Turbulsnce
Pressure Tunnel. NACA MR, Dept., Commerco, Sspt. 24, 1943,

Aorodypamic tests were made of a i%-scale wing-hull model and
1 -
a 16-50&10 float-gtrut model of the propossd arrangezment of the

Hughes-Keiger corge airplans in the Lengley two-dimensional low-
turbulence pressurce twmsl,

The results of the wing-hull model tosis showsd that the
incidences of the hull hed ax. apprecieble effect upeon the angle
of zero 1lift, the slope, and the maximum 1ift characteristics.
Minor modifications to the hull had little effoct on the 1ift cher-
acteristics of tho model.

The model as originally tested showed unusually low <rag
cosfficients for all angles of incidencs, and thc eddition of a step
feiring lowsred these drag coefficients 7.5 percent. Thoe additlon
of wing £illsts caused only smaell changes in dvag, The added chine
flers caused small Inoyeass in the drag coefficients of this model
in ths high-spoed copdition. A modorate Incrsase in the drag coef-
ficlents was obtalned with transition fixsd Just aft of ths bow.

The results of the float-strut model teats zhowed that cheanges
in incidence did not appreciably offect the drag cosfflcients of
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the model. An increase in drag-cosfficisnt incrsment of over

30 percent was cbtalned with & stop in the afterbody of ths float,
The addition of the sprey strips and thy cove causod an increase
in drag which was greater than that caused by the step.

352, Bryant, L. W., Irving, H, B., and Cowley, W, L.: Tests of a
Model Seaplane.  R. & M, No. 199, British A.C.A., 1913.

Wind-tunnel tests were made at the Natlonal Physical
Laboratory of & modsl of a three-engins, four-float seaplans with
twin fueslages to determine: +the effects of stybilizer and elevator
settings on the pltching moment; the variation of 1lift, drag, and
pitching moment with angle of pitoh; the hinge mcments of ths
elevators and rudders; and the effects of varlous modificatlons
on 1ift and drag. Tests were also made of the biplane wings alone,
of the air Flow through the radiators, of ons of the fuselages;
of modificetions to the tail of the ma: A floats, and of thns hinge
moments of & balanced elsvator.

353. Diehl, Walter S.: Tests on Airplene Fuselages, Floa.ts and
Bulls. NACA Rep. No. 236, 1926,

A compilation of &ir-drag data on a.irpla.ns fuselages, nacelles,
alrship cars, seaplens floats, and seaplene hulls bas been prepared.
The discussion of the data includes tho derivation of & scale
correction curve to be used in cbteining the full-scale drag.
Composite curves of drag and lift-drag ratic for floats and hulls
are also given.,

354, Cowley, W. L.: Tumnnel Tests on High-Spsed Seaplanss.
Aircreft Engineering, vol. II, no. 20, Oct. 1930, pp. 2k7-248,

Tests wore made in the N.,P.L. wind tumnels to obitain date for
design and for sstimating the performance of three twin-float
seaplenes: the Supermarine 8.5, .the Gloeter IV, and the Short
Crusadsr, Fffects of various mdiications for mroving the drag
and pilotts field of view wore tried. In some cases date wsreo .
required for calculations on stability and control of ths airplanes.
Tests wers also made to £ind the trimming position for the tail,
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A large interferense effact heitween the floats and the rest of
the model, about T perocent of the tota.l drag, was noticed on the

Crusader.

A model land chassis wes made and substituted for the float
system of the Gloster IV model. Tests showed thai' the minimum drag
of the sesaplane decreased from 54.3 pounds to 50, €& pounds when
the test speed was cmasd. from 60 to 100 feet per second, wherses
the drag of the landplane remained practically constant at approxi-
mately 50.5 pounds over the sanw speed range. The maximum 1ift
full-scale at 100 feet per second, however, was fourd to be ebout
2250 pounds in the case of the seapla.ne and only about 2C60 pounds
in the case of the landplane. It would therefore =ppsir thet
as at present designed, & seaplans is aerodynanucaﬁly superior to
8 landplans for high speed.

355. Benson, James M.: The Velue of Retracting Wing-Tip Floats on
Flying Boats Compared with That of Retracting the Landing
Gear on Landplanes. NACA MR, Bur, Asro,, June 5, 154k,

The apparent reversel in recent years in ths trsnd of the design
of tip floats and a rotuwrn to fixed arransoments suggssts the nead
for a reoxamination of ths alr drag of floats, togother with an
examinatlon of the hydrodynamic charactsristics of shapes that
would be suitable for reotraction. This report is a roview of the -
rosults of wind-tunnel tests of outbogrd floats and landing gear,
together with an outline of a few arrangemsnts of floats that may
vrovide practical solutions of some of the prcblems that have been
encountersd in sarlicr arrangemente of rotractable floats. From
these test resulis, a comparison is mads of the air drag of ths
fixed wing-~tip floats of a flying boat and ths air drag of a woll-
faired, nonretractable landing gsar of & landplans «,both ajrplanss
having about the same performance and having a gross woight of
about 65,000 pounds. It is concluded that the full retraction of
tilp floats would. justify as much ponalty in welight end oxponse as
does the reotraction of lending gear. : :

356. Clark, K. W., and Cameron, D,: Wind Tunnsl and Tank Twsts cn
the Drag of Secplans Hulls. Rep. No. 3.4. 1h06,
British R.A.E., Mey 1937.

Reagons for inguiry.- The tests wore undsrtaken to investligete
the effect on air drag of verlous systemetlc modifications to a gwa-
plane hull. The work is a continuation of that deseribed in

abstract 186.
L
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Range of investigation.- A hull was dsveloped from an alrship
form by bending the taill upwards until tho dack line of the altsr-
body wae straight and by adéing the V-bottom and steps in stagss.
Drag measursmonts were thon made on hulla of various bsame, faired
steps, pointed steps, tail turned up or down, chinss overhung or
rounded off and altored angle of dead rise. Ths models wers all
5 feet in length and were tested at wind speesds of 120 end
200 feot per second. BSBoms tank tests wereo also mads.

Conclusions.- large veriations in drag rosult from changes in
hull form. Ovorhenging the chinss ahd turning up the Tall mey
increase tho air dreg of a normal hull at 0° incidsnce by about
60 bercent, corresponding to perhapa 16 purcent of the total dreg
of a modern flying boat. Rownding off tho chinss, fairing the
steps, and turning down the tail may reduco the hull drag by
30 percent and the total drag of ths alrcraft by & percsent. The
V-bottom reprosents about 10 percent of ths drag cf ths hull at
0° incidencs, and half this drag may bs saved by a small radius on the
chines without causing serious deterioration in weltsr performsnce. The
steps causs 16 percent of the drag, andi tha whole stop drsg may
be saved by falrings extending behind the steps to six timwas the
step depth. Those fairings would incrsass tho water rosistance
but could bs made to retract for teks-off by hinging them along
the rear edgs. A pointed rsar step is of adventege but not a pointed
main gtep. An acute V-bottom has a- lowor drag than an obtuss
* V-bottom. ' .

357. Conwé.y, Robert N., and Maynard, Julian D.: Wind-Tunnsl Tzsts
of Fowr Pull-Scale Seaplans Floats. HNACA ARR No. 3Gl5,
1943,

Wind-twmnel tests of four full-scala seaplane floats wsre made
to dstermine the asrodynamic characteristics of ths floats and to
svalvate several drag-reducing refinsments. The floats wsre
designatsd. Edo modsl 0S2U-2-68F, Edo modsl 0S2U-2-68, Vought-Sikorsky
modsl 0S2U-1, and Edo model 62-6560. Tho first two floats differsd
only in such axtsrnal deteils asa fiush rivets. Tha lasl-nemed
float was of tho typs used on twin-float inatullsticons,

The variation of 1ift, drag, and pitching moment with piteh
angle ls presented for each float. In addition, trbulated resulte
show the change in drag of tho floats caussd by the prssonce of
varlous float fittings and elso ths roduction in drag medoe possible
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by the application of step fairings and other less extensive modifica-
tions. The effsct of decreasing the dapth of the step is algo shown.

The results of these tests indicated that & radical changs in
the float design was necessary to obtain a worth-while reductlion
in float drag. A step fairing which might conceivably be made
retractable reduced the drag of the Bdo 68F flcat more than 10 per-
cent, and a 4-foot tail extension on the blunt-stern Edo £2-6550
float reduced the drag 8 percent. The flow of air over the floats
was snown toc be so turbulent that minor refinemsnts, such as flush
rivets and recessed fittings, would not appreciably reducs the drag.
The accumulsated reduction in drag resulting from the use of geveral
minor refinoments might, howsver, bs sufficient to justify their
employment on a float to ba used on & high-speed airplans.

358. Millikan, Clark B.: Wind Turmel Tests on a 0,068 Model of a
Revisad Version of the Boeing Model XFBB-l Flying Boat
without and with Running Propellers., GALCIT Hep. No. 297,
CApril 7, 1341,

Tests of a 0,068 model fa rovised version of the XPBR-1 flying
boat were made without running propellers at a wind gpued of about
174 miles per hour; & dynemic pressurs q = 70 ¥b/fi, and &
Reynolda number of 1,320,000, Tests with running gropellers wors
made at & dynamic pressure of 12,5 pounds pexr foot~,

The Investigetion wae divided into the Ffollowing broad groups:
- Conventional Investigation without Propellisrs
(1) Wing-alons measurcments
52) Effecte of model build-up and miscellensous modifications
3) Horizontal tail surfaco and flap effucts
() Effects of turbulence
Investigation with Running Propellers

(5) General description of apparatus and testing technique
(6) Sffects of propeller rotetion and horizontal tail setiing
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359. Millikan, Clark B.: Wind Tunnel Tosts on a 0,068 Scale Model
of the Boeingz Model XPBB-1 Flying Boat without and with
Running Propsllers. GALCIT Rep. No. 290, March 14, 1941,

Tests of & 0.068-scale model of the Boeing XPBB-1 flying boat
were made without running propellers at a wind spesd of about
17k miles per hour, 2 dynemic pressure g = 70 1b/ft<, and a
Reynolds mumber of 1,270,000. Tests with running gropel_lers wore
made et & dynamic pressure of 12.5 pounds per foot<,

The investigation was divided into the following broad groups:

Conventional Investigatlon wlthout Propellers

(1) Wing-alone measursments

(2) Effects of complete modsl build-up and miscellansous
modifications

(3) Horizontal tall surface and flep effects

Effects of Running Propsllers

(4)General description of apparstus and testing technique
(5} Motor calibration

(6) Motor and propeller cperating characterigtics

(7) Tail surfacs affects at various constant powsrs

360. Roumiantzeve, E.: Wind-Tunnel Tests with Airplane Fuselages
and Flylng-Boat Hulls. Rep. No. 190, Trans. CAHI (ioscow),
1935.

The results of tests of six modsl eirplans fuselasgss and four
model flying-boat hulls are given, as obtained in the CAET
1.5m (4.9 £6) wind tunnsl T-3 at a meen airspeed of 35 m par
second (78 mph). Lift and drag coefficients as well as pitching-
mament coefficients against angle of attack were measwursd and the
dependence of the lateral force, the drag cosfficisnt, and the yawing-
moment coefficient on the angle of yaw was dsterminsd,

The itests showed that
1. The less the variation of the 1ift, drag, and pitching-

moment coefficients with the angle of sttack « and of the lateral
force, the dreg coefficient, and the yawing-momsnt coefficlent
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with the aspgle of yaw ¥, the smocthew are the lines of an eirplane
fuselage or of a flying-boat hull,

2. The comparstive curves of the 1ift and drag coefficients
against the angle of attack and of the lateral force and the drag
coafficisnt agrinst the angle of yaw for the same fusslege show a
greater increase of the latoral Tforce and the drag coefficient with 7
than the lift end drag coefficients wlth o; this fact may be
attributed to the flattened form of the sides of all the fuselages,
that is, to the difference of arscas sxposed tc the air streem in
case of lateral or longltudinal movements of the fusslags, Several
hulls with cross ssctions extonded 1n the longitudingel divection show
oppoeite festures.

3. The change of the drag coofficient with ths angle of attack
although less thaen the changs of the drag coufficient with the angls
of yaw is ncverthelsss comparatively large. The drag of several
fuselages in normal flight (o = 8% to 10°) 1s almost twice as
groat ag thelir drag at zero angle of attack, Therofors thsre is
no resason to introduce the drag of the fusclage as a constant valus
in an airplans deslgn, egual toc its value at o = 0° and constant
for all flight conditions,

k, The fuselags form has a negligibls offect on the magnltudoe
of 1lift and drag cosfficionts.

5. The veriastion of the lateral force and drag coefficient with
the fuselage form hes shown that within ths usual fi:ght angles a
- stooth elliptical form is botter thean & sharp~sdged cno.

6. At emall angles of yaw the centur of preseurc is usually
located In the nose of the fussleags or the hwll, which corrssponds
to & negative (that is, dostubilizing) yawing momont; thersfore,
at ¥ = 0 most fuselegos ars unstable and only after being moved
at some angle (from 6° to 8°) on sithor side do they becoms stablo,

T. The analysie of the pitching-momsnt coefficlent against tho
angle of attack shows o greater or asmeller extsont off instebllity
of fuselags at amall angles of attack.

For the reason of asyrmotry of the model and the presence of

cut-outs, windshields, radiators,and steps, thore¢ is & pair of
forces giving in some cases a positive and in same cases a negative
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pitching moment. The center-of-pressure curve against angls of
attack shows a discontinuity eand has twc branches passing into
infinity, the asyrptoteof .whick is a vortical straight lins,
corresponding to the angle of attack at which Cp = C.

(See also sbstracts 121, 138, 15k, 155, 156, 157, 173, 174, 183,
186, 2ok, 257, 286, anrd 331.) '
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361. Stout, Ernest G.: Report on Temporary Field Duty 1n the
Pacific Area, Conasclidated Vultse Aircraft Corp.,
Nov. 20, 1ghh,

© This report on receit temporary field duty by Mr. Stout
provides a purvey of flying-boat operation, mainienance, and
facllities at the principel Naval Stetions, both combat and trans-
port, in the following areas: - Hawailian Islands, the Marshalls,
the Mevianas, the Admiralty Islands, Australia, New Caledonia, the
New HLebrides, and the Line Islands.

Mr. Stout had the cpportunity to deliver three talks to
80 officers and men in the Hawalian area, These talks consisted
of a broad discussion of the gensral hydrodynamic theory of por-
poising and sitipping and methods for recognizing the various forms
of Instability and the application of prsventive and corrective
meagures,

The consensus of oplnion geemsd to be that a faster and morse
geaworthy flying boat is nseded. It was thought that rescuws
gervice ls of sufficient importance %to nscessitate & specially
deslgned alircraft. Jet-agslgted take-off would be invaluable in
offsetting present handicaps of rough water and short legoons.

It was espsclally noted that ssrious hull corrosion was abssnt

oven though msny of the airplanes observed had beon anchored in

salt water for long periods of time. There wes & general objection
to the handling of flying boats at most bases; howevor, transport
squadrons have developed handling much further with floating

"U" docks, padded rearming boats, and motor launches., Cargo handling
facilities are stlill inadequate, primarily bocauss of the small

cargo hatches provided and the mumibsr of such hatches,

The development of simpls and dlrect watsr handling facilii‘es

is considered by the author to be the most important single item for
ilmproving the utilivy and oporation of Flying boaua.

(See also abstracts 2, 8, 64, and 337.)
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362. Wagner, F. D.: Emsrgency Take-Qffg in the Oped Sea. Navy Dept.
Aviation Circular Letter No, 9-44, Feb, 7, 194k,

Waves in the open sea are of two kinds: those which are
formed by local wind and are described as "ssa" and those which
arrive from a distarice and are commonly ¢alled “swells." The
" former are irregular, shorit-crested, steep, frequently brseking
waves., The latter are regular and und.ula.ting with long, roundsd,
widely separated crests. As swells travel over the oce&n, the
velocity of the swells actuslly increases while their height
diminighes. The wave velocity bears & constant relationship to
the wave pericd and wave length.

By teking adventege of the velocity of waves, & considerable
incrsase in the accelsration of a seaplans is possible.

Some gulding principles are set forth to &id pilots in making
emergency open-sea take~offs in heavy swells regardless of the
direction of the wind:

1. Lighten the aircraft by Jettisoning as -much removable
weight as safety and balance psrmit.

2, Start tekes-off with the swell at the stern, that 1=, headed
down swell.

3. Apply power immsdiately before the crest of a swell has
reached the aircraft. This procedurs results in very rapid
‘acceleration of the alrcraft dus to both the a.nplica.t* on-of power
a.nd. the surfing effect of ths: sweJ_'L -

. 4, The aircraft should be on the stép prior to climbing on top
of the swell which was next ahead at the start of the take-off.

5, The aircraft should bs air borne when on top of the first
swell next ahead. If not, make & small arc in the teke-off in
ordsr to rid.e the crest of the swell for a longsr parﬁod.. )

Take-off into the wind is always to be prsferrad if swells are
small and irrsgular or crosslng

- Down-swell teke-offs are not to be atiempled except under stress
of emergency conditions,
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363. Hutchinson, J. L.: Note on the Valus of Reversible Pitch
Propellers on Seaplanss. Rep. No. H/Res/178, British M.A.E.E.,
July 17, 19uk, .

Reversible pitch propellers provide a solution of many of the
merine prcblems which have impeded the development and handicepped
the operatlon of seaplamnes. The braling qualities of thess pro-
pellers are of special value in handling seaplanss on the water and
facilitate mooring-up, ummooring, and maneuvering operations. The
mooring-up and unmooring procedure can be carried out by a rigger
at the side door and in full view of the pilot (ae on Coronado}.

As a result, it 1g considered that cleansr bow lines could be designed
for flying boats. Reversible pltch propellers appear, in fact, more
necesaary on seaplanss than on landplanes with their wheel brakes

for ground control.

A propeller with guickly reversible pitech would also provide
braking in emsrgencies. The Ccronade prcpellers, howevser, do not
reverse rapidly enocugh for this purpose, The Time required to
roeverse pitch is 15 seconds. The time required to changs from
reverse pitch to fine pitch is 10 seconds.

364. Anon.: Open Sea Seaplane Operations. ERescue Advisory Memo,
No. 066, Air Sea Rescus Agenoy (Washington), 19U5.

Tests of a FBM-3C airplane were conducted in the opsn sca
off the coast of southern California by the Coast Guard Alr Station,
San Diego, to:

(1) study general sea, swell, or wind conditions affecting sefe
' landings, texying, and taks-off . v

{2} Dotermihe wheat heading with respect to swell, sea, and
wind Js beat for open-sea landing and taks-off

(3) Determihe what flying technigus is best for open-ses lending
end teke-off and what bazards are involved

(4) Study the possibilities of Jet-assisted take-off for use

) in rough-water operations X

(5) Observe the capabilities and limitations of the PBM-3 air-
plane in rough-water operatlons

A total number of 54 landings and take-offs were mads, which gave
108 pilot-copilot experiences and improssions. Dotalled descriptions
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of taxying, take-off, and landing procedurss under various sea
conditions are offered. The usefulnsss of Jet-asslsted take-off
units 1s emphasized.

The PBM airplane 1s found to be eapecially sulted to rough-water
work. The engime of the PBM-3 alrplane is inajequate for opsn-sea
operation but 1t is probable that the PBM-5 airplane, which hes &
more powsrful engins, will not experience the engine difficultles
or fallures of the FBM-3. '

365. Cram, Jack R., end Brium, Daniel J., Jr.: Part Four -
Seaplene Flying. Civil Pilot Training Manusl. C.A. Bull,
No. 23, CAA, U.S. Dept. Commerce, Sept. 1940, pp. 218-238.

Instructions are given for pillots on the opsration of seaplanes
while on the water and in the air. The topics discussed include
nomenclature, taxying, sailing, approach and departure, take-offs,
landings, and cross-country seaplansas flying. The toples are
discussed in gome detail and an attempt is made %o include all
conditions undsr which operation might be nocessary.

Three attitudes for taxying are dlscussed: idling (speed less
thean 8 mph), nose up, and planing. In the Ffirst two attitudes the
control should be held full back. In order to start planing (speed
between 20 and 30 mph), the control is held full back and throttle
opened wide. As the seaplans shows a tendency to rock over on the step,
the controls should be moved forwerd to nesutral or scmswhat forward
of nesutral. During planing a vory slight back pressurs should bs
held. A tendency to porpolse should bs corrscted by baci pressure
on the controls. Turns et plening speeds should be made cautiously,
especially if wind exceeds L0 miles per hour or if waves ars high.

As a genoral rule if the wave height exceeds one-fifth the
length of the floats, take-off should not be atiempted except by
the most expert seaplens pillots. For taks-off in glassy water,
"rocking" to get on the step or taxying ascrcss the wake of surface
boats 1is advocated. It 1s stated that the water reasistancs is
reduced by one-half nsar get-awey if ons float of a twin-float
gseaplane 1s lifted oul by uss of the ailerouns.

The best attitude for landing is ststed to be that &t which
step and sternpost touch simultenecusly, but smooth landings may
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be made in almost any position if the oontrol is being nmoved beck

at contact. A landing in waves shoulc} always be made in the full-
gtall position. In glassy wvater a’ power stall should be used,
starting at an altitude of about 50 fest and touching at a speed
about 15 percent above the full stall. Sinking speed skould

be regulated by use of the throttle. ZEmergency lending on the gr>wmdi
should be made with the keel of the floats parallsl to ths gurface
and up elevator applied Immediaitely after landing.

366. Benson, James M.: Piloting of Flying Boats witli‘Spscial
Refersnce to Porpo*s:.ng and Skipping., NACA TN No. 923,
19hk,

The various types of hydrodynemic inatability, including por-
roising, skipping, and yawing, thet may be encountered during
taxe-off or landing of a flying boat are described and the piloting
technique required for eff'icient teks-offs and lendings is diescussed.
Suggestions are made for asgsisting a pilot to becuams Familiar with
the teke-off and landing qualities of a flylng boat that is new
to him.

367. Maechlarmid, D, B,t Report on PBM-3S Offshore Landing Tests.
USCG ND1L Let. No. 601, Jdan. 10, 1945, attached to
Bur. Aero., Iet. Feb, 19, 1945, (Aer-E 23-WsD, C0511k)
sent down with NACA Form No. 167 dated Feb. ¢u 1945,
TLXS ah,” Enc. -

The -‘proposed. program for offshore tests originelly providsd
for a succession of tests with the seoa conditions becoming pro-
gressively worse. To date, the tests have included take-offs and
lendings in swells va.ry*ng from 3 feet to 8 feet in height. During
these testg the angulsr d&isplecement betwsen ths direction of
motion of the swell and the direction of tho wind varied from 0°
to 180°, Two fixed cameras were rigged in the airplans to record
ingtrument rea.a.lngs and the pilot's wvisw of the sea. A flight
analyzer was installed in the forward bunk room. A buoy was
constructed with which the height of the swslls was measursd.

Concluslons: First, for the PBM flying boat, the wind con-

dition may be sefely .Lgn.ored. if under 20 ¥nots, and. the selection
of the landing cowrse sghould ba governed by tha 308 condition.
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Apperently cross-wind iandings with & moderate wind axre oam;oaratively
gafe. Second, down-swell landings and teke-offs cénl e vory COm-
fortable and not 1n the least daengsrous. Third, cross-wind take-offs
with anything mors then & light wind skould be avoided bocause of
difficulty of maintaining hoading, Fourth, lendlngs and take-offs
into the swell should be avolded whorsver poasible bacaunse of
excessive pounding. Fifth, landings showid be meds to the leswerd
of the objective in the woter, a8 gown-wind and croga-wind taxyind
is hazardous &t best. .

(See also abstracts 63 and 338.)

Seaplens Basss

368. Anon.: Bleckpool Airport. . F1ight, vol. XLV, 1o 1865,
Sept. 21, 1ohk, P. 318.

An airport proposed DY the town of Blackpool, England, has
been approved. by the ALY Ministry and passed by thelir own local
comcil. The complate achemo, which comprises & rrensocean air
torminal for landplanes end en adjacent lagoon for Flying boais,
has boen plannsd in relation to the townts gpumeral developmont
schema; and 1t 18 cobimated thet the projact cogting around Co
130,000,000 will be developad to 1ts full capacity, tho handling
of more then 50,000 passongsrs & day, in 15 years.

The lendplens runways aroc to bs arvanged in & triangular manner
with suxiliary runways for taxying., The runways ars to be cepable
of taking aircraft more than twice the slz2 and weight of ths biggesat
bombers and transports of today .

The proposed lagoon Ffor flying posts is to be 4 milss In
aiemeter and to abub on iho Southport shores of ths Ribble estuary,
and ite sdministrative puildings are o bs conmocted To the main
gircraft teyminal Yy & road and rail tunnsel under the river.
Msteorological conditions 1in tnis locallity are excellent for flying.
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369. Griems, F, H.: The Establishment of a Restricted Area for -
Secaplans Operation. Tech. Devclopment Note No. 32, CGAA,
U.S. Dept. Commerce, Jan, 194k,

The historical background of ono establishment of a rostricted
area for seaplans operations in ths United States is prosented and
guidance for future establishmont of other such rostricted arcas
ia offered.

The size of seaplane operating areas as determined in the
investigatlon should be as follows:

(1) Por ssaplanes having gross welghts of 40,000 to
100,000 pounds, two or more oporating lanes Eg-milas long, 600 feet

wide, and 10 feet deep with a turning basin at each end 2000 feet
in diameter and 10 feet dsep

(2) For seaplanss having gross weights over 100,0C0 pounds, lanes
5 miles long and 15 feet desp, lane widths and basin diamster to
be Increased to a lesser proportion, the diameter not more than
3000 feet

(3) For seaplanes having gross welghts of 10,000 to 40,000 pouﬁ&@
operating lenes J.% miles long, 350 feet wide, and 6 feet dsep
=

'(h)-For smell seaplanss, an effective length of 3500 feet
- . 1
in 81l directions and a dspth of hE-feet

370. Schildhever, C. H.: HNature Deals a Trump tc Marine Airport
Designers. Aviation, vol. Uk, no., 8, Aug. 1945,
pp. 106-110, . :

Since the world abounds in naturel water areas which will emable
Yoar-round operation of flying boats, the englnsering of the flying-
boat port is simplified and hence fundamental economics are indicated.
The bullding, docking, and patrol requirements have been considered
and three schemss for seadroms layout have been presszdied with
detailed specifications for cable-connecited lane markers,.



NACA EM No, L6I13 L 231

OFERATICON
Seaplans Bases

For flying boats of 200,000 pounds, channsls apprcximately
2 miles long, 800 feet wide, and 10 favt doep heve boun considsored
ampla, :

The flying boet of adequate size, economically operated from
neturael water arsas, may well be the solution in onabling broad
world nse of fasi, modern air transport.

Seaways

See abstracts 362 and 364.
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371. Davidson, Kenneth S. M.: Concerning a Standard Series of
Flying-Boat Hull Models. M No. 70, Stevens Inst. Tech.,
1943,

A progrem has bsen arranged by which a standard serlea of
geaplane hulls may be developed. Thisg series ig intended to be
analogous to "Taylorts Stenderd Series" of ship models, which
has received wide acclaim., The deduction of primary varisbles to
be considered, the general testing procedurs to be followed,
and the mammer of presenting the resulis are discussed in detail.

372, Pabst, Wilhelm: The Development of Floats and Equipment for
Research in Pramoting It. NACA T No. 740, 193k.

An attempt is made to present, from the point of view of a
research engineer, research methods that would facilitete the
development of seaplane floats while avolding errcrs and minimizing
expenditures. Resistance, drifting and maneuvering, and landing
impacts of floats are discussed, and apperatus for investigating
thess factors is described,

373. Babio, Felipe Lafita: Experimentecidn de cascos y flotadores dc
hidroaviones. Revieta de Asronsutica, veol., LII, no. 32,

Nov. 193L|', PDR. 587"592'

Date taken from experiments made ebroed with seaplans hulls
and floats are discussed in detail, The nscessity for model tests
in obtaining data on seaplenss is emphasized., The principle of
dynamic gimilitude is dsscribed and the use of Frouls number is
explained. As the Reynolds number effect becomes increasingly
important with very amall models, modols much lerger than thoss
thet can be used for tests in the El Pardo tank ars shown to bs
nocegsary if good results are.to be obtainsd., The specific and
the general resistance test msthode are described and the ussfulness
of the load-resistence ratio ian comparing models of different scales
and in facilitating take-off calculation is pointed out.

The El Pardo tank in Spain, the tenk in Paris, France, the
Hamburg tenk in Germany, the tank at Farnborough, England, end the
Langley tank in the United States are briefly described. The
need of a high-speed tank for Spain is stressad.
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374. Stout, B, @, FProposal for Hydrodynsmic Research Program,
Rep. No. ZH-O1l, Consolidated Vultee Aircraft Corp.,
Nov. 1gk43.

A hydrodynemic research program has been proposed to establish
a more thorough cocrdinated understending of the basic fundsmentals
of seaplene development. The progrem involves a study of length-
beam ratio, a study of hydrofolls and hydrofoil systems, and &
study of hull lines designed for spray control. The tests are to
be made on both resistance and dynamic models in & towing basin and
on free-flight dymemic models in smooth and rough water and in
guartering waves.

375. Gerner, H. M.: Seeplans Research. dJour. R.A.S., vol. XXXVII,
no. 274, Oet. 1933, pp. 830-863.

The most important problems In the deslgn of seaplane floats are
hydrodynamical and structural. The kydrodynamicel problems reguire
measurements of resistance, stability, and seaworthiness; the
structural problems require measurements of total loads, hull
Pressures, and loads in the structural members. Methods are glven
Por measuring the water reslstances of models and of full-scals
seaplanes, and a discussion of the scale effsc¢ts on the various
measurements ie pressnted. Of particular inbterest is the DVL method
of measuring resistance in which levers transmit the loads to
calibrated oil dashpots. Various methods of achieving longitudinal
and lateral stability are considersd. Ssaworthiness is mentionsad
and it is noted that a high angls of dead rise results in increased
dirsctional instability at low speeds. The American, British, and
German devices for msasuring loads and hull prsssurea ars described
in detall and soms of thas results are cited.

376 Fletcher, G. L.: Some Preliminary Measurements of the Boundary
ILayer Conditions on Modsals in the R.A.E. Seaplans Tank,
IN No. Aero 1472, British R.A.E., July 194k, :

Measuremsnts were mads of the velocity gradient in the boundary
layer at the step of a V-shaped wedgs. No bow or afterbody was
represented and the dead rise was constant. Ths surface conditions
were gtandard for the tani model, and the effscis of artificial ailds
to turbulence were tried. Results were analyzed in terms of the
veloclty gradient and loss ‘of momentum in the boundery layer, .
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Results show thal considerable la.min%r flow prcbably exists on
tank models below & Reynolds mumber of 10° at low speeds near the
kesl., The proportion of laminar entry flow decreases rapidly toward
the chins and can also be considerably reduced by use of a 30 s.w.g.
wire behind the leading edge. This method is not readily applicable
to model tests because the position of the wire wowld require alters-
tion for eachk test condition. The ume of sand may be posaible but
reguires more teshts %o determine a suitable roughness and also the
value of the additional drag.

(See also abstract 172.)

Equipment

377. Locks, F. W. S., dJr.: Comparison of Stevens and N.A.C.A.
Porpoising Tests of the XPBM-1 Flying Boat. Rep. No. 216,
Stevens Inst. Tech., Dec. 23, 1942, )

Discrepancies betw~en itlin trim limits of stability, especlally
in the lower limit &t hign soeeds, of the Martin XPR2M-1 flying bost

a8 determined by tests at the -La.ngley tanks on & ]-_]-'é-size model and
at Stevers tenk on a %-size model ers attrituted to deflections

of the Stevens testing apparatus. These deflections increased in
magnitude with speed and resaulted in recorded trims scmswhaet highsr
than the actusl trims. The testing apparatus has been braced to
eliminate the deflections, The itrim limits obtained on the modified
testing apparatus and the trim limites previously obtained and now ’
corrected to allow for the deflecticns are in good agresment with
the trim limits obtained at the Langley tanks, '

378. Jacobs, Eastman N,, and Abbott, Ira H,: Experiments with a
Model Water Tunnel. = NACA TN No. 358, 1930. -

A fodesl water funnel built in 1928 by the National Advisory
Committee for Aeromautics to investigate the possibility of using
vater tunnels for aerodynamic investigations at largs scales is
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described. The model tunnel is similar tc an open-throat wind tumnel
but uses water for the working fluid. Resulis are given of tests of
the tunnel and also of some observetions mede with model airfoils
in the tumnel to study the phenomenon of cavitation. It is concluded
that o water btunnel does not offer a convenient method of making
serodynamic investigations at large scales. A large water tunnel
would be of valus chiefly for use in the study of cavitation. °

379. Coombes, L. P., and Perring, W. G. A.: The Farnborough Seaplane
Tank. Alrcraft Engineering, vol. VI, no. 61, Merch 193k,
pp. 63-66. | ‘

. The history of tenk testing is briefly reviewed and the
R.A.E. geaplans tank at Farnborough is introduced. The tank
construction and operation are extensively described and illustrated
by sketches. The testing equipment and prccedures are dlscussed
and future programs are suggested. [ See abstracts 383, 387, and 401. ]

380. Kempf, G., and Sottorf, W.: The High-Speed Tank of the
Hewburg Shipbuilding Company. RNACA T No. 735, 1934,

A description is gliver of the high-speed temnk of the Hamburg
Shipbuilding Company. The details of deslign and operatlion are
discussed and severel photogrephs and charts ars includsed.

The new tenk is 1056 feet long, 16.% feet wide, and 8.2 fest
deep to the brim. The tank has & flat bottom and is independent
of the rail track. The total accelerated carriage weight is
11,350 pounds, 8160 pounds of which are supported by the driving
wheels. The carriage ig designed for a top speed of 65.6 feet per
second with a test run of 590 feet. The carriags is powersd by
two direct-current shunt motors of 40 kilowatts driving the front
wheels and hes an auxiliary accelsrabting device consisting
essentially of drop weight. The carriage is braked over a distance
of 16L feet by five sets of brakes: . :

(1) Main air breke manually opérated. frem ths carriage
(2) Automatic trip on the alr brake

(3) Electrodynamic breaking

() Drop-weight application of brake shoes

(5) Rubber-rope arresting gesr
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Teats have been made to determins the effects of wall and depth on
registance,

381. Cremonsa, C.: Investigations and Tests in the Towlng Besin at
Guidonia. NACA TM No, 2, 1939.

The principal obJect of the Hydrodynamic Section ab. Guidonia
is the investigation of the forms and the study of the .behavior
of the hulls and floats of seaplanes. Resistance tests of the
general type are conducted on floats and hulls and perfcrmance
tests of dynamically similar models of specific designs are made
to determine the best location of wing etruts. horizontal tail
plane, position of the propellers, etc., in relation to the size of
the wave formetion. The towing basin and equipment have been
discussed in detail, some resulte of tests have been given, and &
summary of the type of work - both thsoretical and experimental -
that is under way has besn presented.

The towing basin is 460 meters (1518 ft) long, 6 msters
(19.8 £t) wide, and 3.50 meters .(11.55 ft) deep. Twc towing
carriages are used both of which run cn pneumatic tires. The .
larger cerriage, which welghe 5000 kilogrems {13,200 1b), - is a
bridge-type carriage. IXach of the fowr wheels is powered by &
25-horsepower direct-current elsctric motor. With this power, the
carriage can attein a maximum speed of 20 meters per sscond
(65.6 fps) and a minimum speed of 5 centimeters per second
(0,164 fps). The mmaller cerriage, which weighs 2000 kilograms
(4400 1v), is a monorail towing carriage with one or two parallel
cantilever arms, which extend to the center line of the tank and
at the end of which 1ls suspended the recording apparatus. The
carriage runs on three wheels and has a 100-horsepower motor with
which a .speed-of 4O meters per second (131.2 fps) can be reached
within & minimum intervel of 10 seconds; intermediate speeds can
be obtained by fine regulation. . A compressed-air catapult is
availebls for use when very high speeds must be attained in the
shortest possible time, With a maximum pressure of 30 atmospheres,
& spesd of 100 meters per second (328.1 fpa) may be attained.

The forces are measured by a three- or silx-component tralance,
The hydraulic unit that is used in the -dynamometer indicates loads
as high as several hundred killograms with extremely small error and
with a negligible deflection. : -
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Gensrel rosistance data from teats of a twin-float seaplane
(Cant Z 505) hull are presented for a single hull and for five
different float spacings: namely, 3, %, 5, 6, and 7 multiples of
the beam. The characteristic dimsnsion that was used in the
conventional displacement coefficients based on Froude's law was

taken as a meen beam and had a valus of 2 +times the beam of
one float,

Tests of motor boats and torpedo-shaped bodies are briefly
discussed.

Some of the theorstical investigationa being conducted are:
(1) the pressure distribution on geomstrically simple bodiss,
(2) the propagation of small wavs motions, and (3) planing and
submerged surfaces.

382. Truscott, Starr: The N.A.C.A. Tank - A High-Speed Towing
Basgin for Testing Models of Seaplane Floats. NACA Rep.
No. 470, 1933.

A description is given of the high-speed towing basin of the
National Adviscry Committee for Asronautica, usually referred tTo
as ILangley tank no. 1. The purpose of this piece of equipment is
to enable the committee to provide informetion and data regarding
the performance of seaplanss on the water analogous to the informa-
tion furnished concerning the performance of airplanes in the air.

The tenk and its equipment, togsther with the msthod of opera-
tion, are described, and the type of work done is illustrated by
data from two typlcel tests., The first test was to dstermine the
effect on the take-off performance of a model of a flying-boat hull
of fitting the step with "hooks" of three different heights, end
the second, to determins the effect on the take-off performance of
the sams model of fitting ths bottom just forward of the maln step
successively with two and three flutes of two differsnt depths., In
each case the performance with the alterations is comparsd with the
performance of the modsl with & vlain bottom. The distinctive
discontinuities found in the spesed-resistance curves at hump speed
are a notable feature of the rssults of these tests. .
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383. Lamb, H.: On the Effect of the Walls of an 3Ixperimental
Tank on the Resistance of & Model. R.% M. Nc. 101G,
British A.R.C., 1926.

Calculations have been made to oestimate the effect of the
walls of an experimentel tank on the resistence of a towmid mndsl;
the tank should be wide enough to reduce well-effect errors to tie
limits of accuracy ilmposed by other experimental factors.

At low speeds, when the squares of the relative velocities
may be nsglected, the wave reaistance will be unarfascted provided
the tank is sufficiently wide for the reflected waves from the sides
to fall clear of the stexrn of the model. If the width of the tank
1s twice the length of the medel {length-beam ratio of 5), the effect
of the walls is to increase the frictional resistance, which is
egzumed. to vary as the veloclty squared by less than 1 percent.
If the width of the tank is equal to the length orf the model,
the correspondlng increase in frictional resistance is between 5 and
6 percent.

The results of the calculations were confirmed. by tests made
in the William Froude Netional Tank and in Megsrs. Short's experi-
mental tank.

38k, Smith, A. G.: Proposals for New Seaplane Mcdel Testing
Facilities. TN'NO. Aero 1543, British R.A.E., Nov, 194k,

The case for new seaplane testing facilities is examined and
proposals made for & new seaplane testing tank. An appendix is
added on & design for a proposed new ditching tank for free-
Flight landing tests of seaplanss and landplanes.

A new seaplane tank is pronosed that will be 6000 feet long
by 25 feet wide by 7 feet deep. This tank should have separate
bridge-type cerriages for resistance-model and dynamic-model tests,
the firsi to be run on steel-tired wheels, the second on pneumatic
rubber-tired wheels. Both carriages should attain an operational
gpeed of 100 feet per second and & reserve apesd of 125 feet per
decond. The carriagess would conslst of falred onen-ended boxes in
which correct air-flow conditions could be obtained. A working
volume G feet deep, 25 feet wilde, and 30 feet long would be provided.
The normal dynamic and resistance models would be made with a
10-inch beam and the specilal resigtance models would be made with
beams as large as 30 inches.
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385. Coombes, L. P.: Research in the R.A.E. Tank. dJour. R.A.S.,
vol. XIXIK no. 297, Sept. 1935, pp. 807-825.

The R.A.E. tank is 650 feet long, 9 feet wide, and 4% feet

deep and has a maximum carriage speed of 40O feet per second.

Testing apparatus hes boen developed to acccmmodats both rasistance
and dynamic models. It ls interesting to note that resistance data
are taken during eccelerated rums.

Teste were conducted to determine the limitations of the tank
from the standpoint of wall interference, depth offect, and scals
effect. Models with lengthe wp to 1.5 times the width of the tank
could bs tested provided thet the water were as deep as the modsl
was long. Twin-float arrangements wers found to exhibit little
interference when placed close together (1/2 length). Depth had

some effect on the hydrodynemic characteristics at vory low speeds,

but in normel accelerated runs a flying boat would sxperience little
effect of depth in shallow water. The smaller models, scaled by
Froude 's law, gave higher resistance than larger models largsly
because of the frictlonal component.

Several tests wevs made to determins the advantages of using
stubs instecad of wing-tlp floats for latersl stabllity. Ths penalty
for using stubs as against tip floats for the design tested was

about 2% miles per hour at & top spsed of about 150 miles psr hour.

Soms preliminary porpoising tests woro mado on dynamic models
with an approximately similar asrodynamic structurs.

386. Perring, W. G. 4.: Soms Notes on Factors Affocting Seeplans -
" Tenk Design. TN No. Aero 15kk, British R.A.E., Wov. 194k.

The factors affecting tank design have been discussed, and it
is concluded that the future needs of seapleonc dsvelopmont and
research may require a tank with

Maximum speed, fps . . . . . . . . g0
.Duration of maximum spesd cona.itions, sec . . o o e . 20
Working accelsration of cerriage . e “ e e . 0.2¢g
Upper limit of acceloration . o « v ¢ ¢ v o ¢ o o « o &« . 0.3g
Length of tank, ££ + « « « « « « « « v ¢ o« « « = = « « « . « » 3h00
Width of tank, ££ . . « ¢ ¢ & o v ¢+ ¢ o o+ o v « s o = o o & 18
Dopth of wator, £L « v ¢ ¢« v o v v v v v v e e e e e e e 6
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Control of both the steady speed and the-rate of acceleration
of the carriage is recommended. The advantags of a carrlage system
that permits tests at constant draft is stressed. A form of tank
design is proposed that will reduce carriage weight to a minimum
and &t the same time eliminste any serious disturbance to the air
in the neighborhood of the model under test.

387. Coombes, L. P., Perring, W. G. A,, and Johnston, L.: The Use
of Dynamically Similar Models for Determining the Porpoising
Characteristics of Seaplames. R.& M. No. 1718, British A.R.C,

1936

The methods of teeting dynamic models and the apparatus used
at the R.A. E. tank are dlscussed.

The results of a wind-tunnel investigation of the air flow
about the carriage indicated that the modsl should be towed from a
point several feet in front of the carrlage. Although the change
in air velocity duwe to the carriage is negligible, ths dowmwash 1in
the neighborhood of the wings and tail negessitetes an increase
in the angle of incidence of these asrodynamic surfeces. For the
usual tests the models are free- to rise and trim dbut are restrained
in roll and yaw. Accelerated take-offs are often omitted as they
are consldered of little importance, and landing tests with the
equipment desecribed are not entirely satisfactory.

The models are limited in span to 7 feet and may be further
limited in size by the top speed of the carriage, which is 4O feet
per second. The hulls are constructed of hollowed balsa, strengthened
at the chines by aluminim spraying. The structure is kept as light
as possible to obtailn scale trirming moments of inertia. It ia
believed that, although asrodynamic surfaces are nscessary, bthey
need not be accurately reproduced. Simplification of ccnstruction
has been accomplished by: ‘

{a) Uéihg eguivaelent rectangular wings of constant section
in place of wings having other plan forma, swespback, taper, or
dihedral

(b) Having teil plane of rectangular plan form and constant

gsection, the elevators being integral and ‘not arrangsd to move
separately
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(c} Omitting rudder and fin unless the fin is rsquired foxr
carrving the tail plene

(4) simplifying the sections of fuselage or parts of a
huwll above the water line

(e) Omitting propsllers, engins nacelles, and all struts
not required for siructural reasons

388. Coombes, L. P., Perring, W, G. A., Bottle, D. W., and
Johnston, L.: Tssts on the Wall Interference and Depth
Effect in the R.A.E. Seaplane Tank and Scele Iffect Tests
on Bulls of Three Sizes. R. & M. No. 1649, British A.R.C.,

1935.

Purpose of investigation.- Ths new tank built at the Royal
Ajrcraft Esteblishmsnt for seaplans resesrch and development is
only 9 feet wide and 4.5 feet dsep. These dimensions wers chogen
as being adequate for tests of models up to 9 feet long. Very
little informetion on ‘ank-well interference or depth effect 1is
available, and an investigation to determine the limitations of
the new tank was therefore underteken. The work was also extended
to dstermine the scale effect on hulls of thres sizes.

(a) Wall interference.- The wall interference on models of
length equal to 0.5, 1.0, and 1.5 tank widths was determinsd by an
image method, with the size of modsl and dspth of water kept
congtant, 'I'he tests were carrisd out on models of & flying-boat
hull, and the losd on the water was reduced as the speed of test
W increased.

-(b) Depth effect.- Tests were made in six depths of water corre-
sponding to full-scale depths of 5%, 40.5, 27, 13.5, 6.75, and
k feet for a flying boat approximately 60 fset long. Tests covering
the speed renge and also representing the application of moments
were made; the load on water was adjusted according to the speed
and attitude of the hull.

(c) Scale effect.- Three models of s typical seaplane hull were

1 1
4 — &and measurements of drag,

constructed to scales of —, —, an
18’ 12’ 6
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attitude, and rise were mede at all speeds up to the take-off speed.
The effoct of appiled moments was investligated at selected speeds
and the spray formetion was photographed.

A comparison has been made between ths results obtained during
these calibration tests and soms similar tests mads at the Eamburg
tanlk, :

Conclusions. -

(a) Wall interfersnce.- The imags method used appeared to be
qulte satisfactory. The effect of the walle on the resistance end
running angle was negligible, the only measurable difference occurring
in the rise of the model. This differsnce was small and weuld
not be of any practical importance. It was concluded that the
R.A.E. tank was wilde enough to test seaplane models up to 9 feet
in length without risk of side-wall interferencs.

(b} Depth effect.- The tests showed that there was a depth
effect in shallow water, which was greatest in the neighborhood of
the limiting speed of wave propagation corresponding to the dspth.
At this critical speed the drag, attitude, &nd rise of the hull all
increased as the depth of water wase decreased. At high speeds no
depth effect was apparent. The results were in good.agreement with
theory. It was concluded that practically no depth interference
would be sxpected in the R.A.E. tank when testing seaplanes, pro-
vided that the model lengith doss not exceed the depth of water
avallable. With models of lsngth equal to twice the depth of water,
a small but unimportant deptin effect will occur . at.low speed. A4s
regards the full-scale seaplans, no serious depth effect should be
encountered and any effect dus to the depth should have a negligible
influence on the take-off.

(c) Scale effect.- The megnituds of the scale effect found
was small at low and high speeds and reached & maximum at the hump.
The resulls were inaccordwith the scale effect calculated on the
essumptlon that the flow conditions were fully turbulenu.

Ingofar as comparisons were possible, it was found that the

resulis obtalned in the R,A.E.  tank and in the Hamburg tank were
genereglly similar.

conSSaEn,
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389. Truscott, Starr: The Wave Suppressors Used in the N.A.C.A. Tank,
NACA TN Wo. 512, 193k,

So long a time was required for the disturbed water to became
guiet after a model had been towed down Lengley tank no. 1 that
only 12 to 18 runs a day could be mads. In order to shorten ths
time lost in waiting between rums, several different methods of
suppressing the waves were tried.

The most effective form of wave suppressor developed consists
of wooden framss covered with fins copper scresning and secured
horizontally Just beneath Tthe surface of the water at the sides
of the tank. With these suppressors placed svery 50 feet along the
length of the tank; LO to 60 test runs a day can be made. |[The
copper screening was later replaced by wooden slats.]

390. Smith, Leonard: Work in an Experimental Seeplane Tank.
Jour R.A.S., vol. XLVII, no. 393, Sept. 1943, pp. 290-31h.

Some of the problems involved in the design of flying-boat
hulls are presented and the methods and apparatus for testing modsls
in the Short Brothers bank are described. Some typical results of
the tests are glven. Bmphasls is placed upon the fact that the
tank is a source of reliasble hydrodynamic design data that cannot
be obtained in any other way.

Compromises between good aerodynamic form sand geod hydrodynamic
form are discussed and it is pointed out that changing from the
transverss second atep to the faired knife-edge second step resulted
in & considerable improvement in the asrodynamic "cleamness.” It
was found that with a well-designed main-step fairaing - that is,
with the length less than four times the depth of step and wilth a
small break at thé end of the forsbody - the water performance of
& flying boat is satlefactory. Addition of a sbep fairing to one
of the Short flying boats Iincreased the top speed by approximately
5 miles per hour. :

In the Short tank the models are towed from & point corresponding
to the propeller thrust axis. The resistance is measured by deflecting
& torsion rod which scribes a path on a revolving drwm. The drum
is twrned by & drive from the carriasge wheels. Rise and trim are
indicated by a pointer moving on & calibrated vertical plane.

LS
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Some work ves done on a model with an inverted-V or sled bow.
It was found that although the spray characteristics were good the
high air drag and the complications in construction and operation
mede it impracticable for design considerations.

Sled bow

' (See also abstracts 138, 170,.373, 375, and 393.)

- Technlque

391 Gott, J. P.: Comparison of Results of Tests of the Singapore Ilc
Model Hull in Five Tanks. R. & M. No. 1785, British A.R.C., :

1937.

Tests have been made of the Singapore IIc medel hull in five
different tenks: N.P.L., Short Brothers, Canadian tank at Ottawa,
R.A.E., and NACA. A comparison of these tesis is difficult because
of the differences in tank technique and because the same model was
not used in all the tests. In order to make the compariscn more
complete, a new series of tests has been made in the R.A.E. tank.

Compafison of the drag measurements in various tanks shows

general agreesment but the detall differences are considerable. These
differences havc been attributed to differences in technique,
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experimental error, and the use of diffierent models. Comparison
of the pitching moments measured in three tanks shows systematic
differences of the order of 10 to 20 pesrcent. : These differences
have not been expleined. Recsent experience suggests that any
future comparisons should be made with models 6 or 7 feet long.

392. Locke, F. W. S., Jr.: A Comparison of the Porpoising Charac-
teristics of Duplicate 1/30 Scale Models of the XFB2M-1
Flying Boat. Rep. No. 161-C, Stevens Inst. Tech.,
Jan. 13, 1942,

Tests of duplicate models of the XPB2M-1 flying boat were made
at the Stevens tank to furnish a check on ths accurecy of the original
model and to permit observation of the effects on porpolsing of
gmall changes in test procedurs made since ths original model had
been tested.

~ The agreement between the tests of the two mcdels under
identical test conditions was good. Smell differsnces in the lower
trim limite of stability of the two models may be attributed to
the interpretation of the originasl test data. The spsed at which
the upper limit is first observed and the.sustainsd amplitude of the
porpoising cycle mar be altered slightly by varying the acceleration
of the towing carriage. .

393. Stout, Ernest G.: Experimental Determination of Hull Dis-
placement. Aviation, vol. 43, no. 4, April 19hk,
pp. 121-125, 277, 279, 281, and 283.

A method for the experiméntal determination of hull displace-
ment and trim is presented. This method is reconmsnded in place of
the classical method for determining displacement and trim by uss
of Bonjeanls curves of displacement, whkich consist of elaborate
" trial-and-error integr&t'iozi_s_ of the submerged volume and momesnt of
volume... When the classical method is used in seaplane design,
much valustle tims and money is-expendsd. The equwipment and
procedurss for tests are discussed in detail.

Models are made geometrically similar to the full-size hull
and are divided into sections which represent watertight compartments.
The models are suspsnded in a trimning basin by two flexible stesl
cebles that are attached at the chosen centers of gravity. The
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models are balanced vertisally and horizontally about the center ol
gravity by ballast weilghts, which bring the center of gravity of
the hull to the chosen center of gravity of the camplete airplene.
The modele are counterweighted to provide accurate control of the
load on the weter., The sections of the hull are supported by &
strongback that permits removal of any section or sections and
thereby simulates flooded campartwents. Trim and rise measurements
are teaken visually from scales mounted on the suproriing cables and
on the model. Mossurements are usually taken at four centers of
gravity over the design range, and plots of trim and draft against
center-of -gravity pogitions are presented. If considerable care

is taken in the design and operation of the equipment and models,
the accuracy of measurenment should be within 1 percent.

394, Stout Ernest G.: ZIxperimental Determinastion of Hydrodynamic
Stability Jour. Aero. Sci., vol., 8, no. 2, Dec. 1940,

pp. 55-61,

The ebility to predict hydrodynamic stability by some simple
experimental mesans, analogous to wind-tummel testing, is of great
importance to the manufacturer of flying boats and seaplanes. Such
a method is outlined which involves the testing of a dynamically
gimiler tank model. The characteristics and construction problems
of dynamic tank models are consideresd as well as & genernl discussion
of the testing technique.

While further lmprovemsnts in methods end ‘eguipment are dis-
cugsed, 1t is concluded that the present development la adequate
for the determination of the rangs of stebility and the proper
location for the step. These conclusions are substantiated by the
results of full-scele corrslation.

395. Gott, J. P.: Interference between Air Flow and Water Flow in
Seaplane Tank Testing TN No. Aero 1460, British R.A.E.,
July 191|J+ '

In routine water-resistance measurements, corrections are
applied for the alr forces on the model and measuring. apparatus.
These corrections are dstermined by towing ths modsl Just above the
water surface; the air forces and moments metsured are used as tare
values. Tank tests have indicated that the forces on a model can
be largely effected by air flow around the model and that the usual
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corrsctions ars inadequate. The evidence is swmerized and the
poasibility of screening mod.els to reduce the air flow past the model

is discussed.

The logical procedurs in model besting, with prssent kmowledge
and eguipment, is to determine the stability of a dynamic model
flrst and then to test a screensd resistance riodsl.

396. Olson, Roland E,, and Lend, Normasn S.: The Longitudinal
Stability of Flying Boats as Dstermined by Tests of Modsls
in_ the NACA Tark. I - Methods Used for ths Investigation
of Longitudinal-Stab:lity Characteristics. NACA ARR,

Nov. 19k2.

The pro'blem of the longitudinal stability of flying boats while
in motion on the water has becoms of major importence because of the
present trends in the design of that type of craft. Mathematical
theories for determining the condition of stability of a Tlying boat
while on the water have been suggested but the amount of work involved
is extremely large. Until & more simple and accurate method is
evolved there will remain & nsed for tank tests.

Constant-speed runs are made for debtermining the Trim limits
of stability. Changes in trim beyond the upper limit, increasing
 trim, or the lower limit result in porpoising. Accelerated runs
ers made for determining the stable positions of the center of
gravity and for locating the best position of the step.

Smell variations (25 percent) in the moment of inmertia and
in the mass moving verticelly have a negligible effect on the trim
limite of stebility but are more important when determining stable
positions of the center of gravity. Increasing the depth of step
has little effect on the lower tarim limit but increases both of
the upper trim limits with an accompanying decrease in the violence
of the porpolsing. Both upper limits ars raized as the load is
increased and, with the sames avalleble trimming mome"lt the limits
first appear at &2 higher speed.
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397. White, E. G., and Smith, A. G.: A Mothod for Determining the
Water Stabllity of a Seaplens in Take-O0ff and Landing.
Rep. No. H/Res/163; Britisk M.A.E.E., May 22, 1943.

A dirsct method of determining the water steblility in teake-off
and landing of full-scale seaplanss is described. The customary
method of measuring full-scale stability is by steady runs over a
range of speeds and attltudes. This method is tedious, does not
give the trus teke-off stability, and does not give the landing
. stability. The steady-run stability is assumed to correspond very
closely to the take-off stability but was originally used to obtain
full-scale conditions comparable with model scale. This report
gives & method of analysis of take-off records of attitude ageinst
speed, and results obtained by this method are compared with the
steady-run results. )

Results on the Scion and Saro with Shetland hull are used to
establish the method, but it has also been checked against the
available date on the Seal and Sunderland I.

The take-off stability limits show remarkeble agreement with the
o

corresponding steady-run limits (to within %;) of the Scion and Saro.

Evidence on the Seal and Sunderland is insufficient for a definite
conclusion in these cases, but there is no disagreement betwsen the
rosults obtained. The method is accurate and gquick to use bhut takes
no account of the amplitude of. porpoising, so that a few steady

runs wvould still be necessary to establish this where regquired. By
use of this method the investigation of the stabilily characteristics
of a seaplane under different conditions of weight, center of gravity,
and. flap angles can proceed gquickly on the evidence of about eight
take-off records at each condition, these records covering the full
attitude range. The mothod mey also be applied to find landing
gtability from landing records.

398, Abel, G. C.: Methods of Msasuring Speed and Attitude of a Sea-
plane during Take-Off. Rep. No. F/Res/122, British M.A.E.E.,
Oct. 17, 1938.

The attitude-speed curve for take-off in the type-triel reports

on all new flying boats was requlired. Various msthods of obtaining
this curve are discussed. Of the two instruments tested one was a
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combined acceleramster end pltch recorder, which was readlly
available, and the other was in the form of a pendulous gyroscops,
which was developed. Take-offs were mads on ssveral flying boats
Pitted with both instruments and the results from each instrumsnt
are compared.

Good agresement between the records from the twe instruments
was noted except for a amall part at the beginning in which the
pendulous gyroscops was less accurate. The cambinsd accsleromster
and pitch recorder has proved to be & slightly better instrument
than the pendulous gyroscope although both are suitable for determining
the attitude-speed curve of a ssaplans.

399. Ward, Kemneth E.: A Few Method of Studying the Flow of the
Weter along the Bottom of a Model of a Flying-Boat Hull.
NACA TN No. Thg, 19h0.

A new msthod of studying the flow of the watbter along the bottom
of a model of & flying-boat hull is described. In this method, the
model is fitted with & transparent bottom and divided down the
center line by a bulkhead. The flow is observed and photographed
through one-half of the model by means of the d.iffused illumination
from & battery of lamps contained in the othsr half of ths model.
Photographs of the flow, particularly of the changes that occwxr when
the step ventilates, are shown.

The results of the investigation indicate that the method
has considerable promise, chisfly in commection with motion-picture
studles.

400. Gott, J. P.: Ncte on the Technigue of Tank Testing Dynamic
Models of Flying Boats as Affected by Receont Full Scals
Experience. Rep. No. B.A. 1572, British R.A.E., Dec. 1939.

In flight tests of the prototypes Saunders-Roe R1/36 (Lerwick)
and Ssunders-Roe R2/33_, serious porpoising resulted which was not
previously reported in model tests. A resvaluation of ths tank
testing techmnique for obtaining the upper trim limit of stability
showed that the models had not been propsrly disturbed. The dis-
turbance must be large and of the right kind. A modsl can be stabls
to a emall disturbance and unstable to a larger one, but even a
large disturbance of an unsuitebls kind mey fail to start the
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porpolsing of an unstable model. The methods of inducing worpolsing
including disturbances by hand and by waves are lncluded. The use
of welght-applisd trimming moments on dynsmic models is discuseod.

0f particular interest is the fact that the dangerous porpoising
was eliminated by an increese in gross load of the R2/33 model.

. 401. Garner, H. M., and Coombes, L. P.: Seaplane Hulls and Floats.
Aircraft Engineering, vol. II, no. 18 Aug. 1930, pp. 193-196;
and vol. II, no. 19, Sept. 1930, PP. 2_3 225,

Methods and sssumptions leading to the use of Froude's law of
compaerison ln seaplane model teating are reviewed. Full-scale and
model seaplans-testing technigues are discussed and the results are
analyzed.

The procedures used in extrapolating resistances of ship models
to full size are discussed and an attempt is mads tc find sone
similar method for use on seaplane models.

Several methods of determining the resistance R of a full-
scale seaplane are:

(1) A seazplane may be towed through the water by a high-speed
boat (such as a torpedc destroyer) on a long tow and the load in
the tow rope measured.

(2) Resistance cen be determined indirectly by measuring the
forward acceleration a, measuring or estimating the airscrew
thrust T, and estimating the air drag D, and by substituting
these values inte T - R - D =Ma, where M 1s the masa of the
geaplane,

(3) Direct measurements of resistance can be made by measuring
the forces existing between the floast and the fuselage of & single-
float seaplane while the seaplane is taxying at a constant speed.

Approximately ths same take-off times are obtained if T/,
the ratio of thrust to the weight, is unaltered. Take-off tests
&t full load, which are very difficult to carry out under ceriain
conditions, can therefore be remnlaced to a flrsu approximation by
throttled tests at the normal load.
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In the second part of the articls methods of sttacking various
Prcblems relating to seaplans ressarch are vpresented and the data
"available ars briefly summarized. A discussion of longitudinal
and lateral stability is presented with an analysis of stub-wing
and wing-float stebilizsrs, Various methods of measuring hull-
bottom pressures are cilted.

(See also abstracts 47, 2hg, 256, 273, 277, 283, 305, 373, 275,

Langley Memorial Aeronautical Laboratory
National Advigory Commitisse For Aoronzusics .
Langley Field, Va. )

BSY
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(Nurbers refer to abstracts. The letter X (experimental) and model
mmber have been deleted from Naval seaplane designations.)

- Acceleration: £2, 55, 218, 222, 237, 258, 329, 392

Accidents: 25, 76

Aerodynamic forces: 138, 17k, 183, 337, 341, 343, 34k, 345, 347,
350, 357, 258, 359, 360 (See also Air drag.)

. Afterbody form: 15, 64, 138, 145, 203, 206, 289, 311

Afterbody keel angle: 15, 22, 64, 121, 132, 133, 135, 138, 180, 253,
281, 285, 299, 32&, 340

Afterbody length: 22, 64, 197, 2k3, ok, 279, 280, 283, 299, 307, 32
Afterbody warping: 22, 64, 121, 280, 308

Air drag: 6, 17, 22, 6k, 107, 121, 15k, 155, 156, 157, 173, 174,
186, 204, 257, 318, 325, 331, 339 to 358, 361

Allied Aviation 12-place float-wing glider: 312

Boam: 12, 18, 6k, 92, 135, 142, 185, 2ko0, 283, 316, 356 (See also
Length-beam ratio.)

‘Boeing model 3lh: 256, 274
Boeing PB: 190
Boeing PBB: 270, 280, 281 290, 336, 347, 358, 359
Bottom roughness: 6k, 169
Boundary layer: 376
Bow form: 6k, 75, 197, 250, 253, 390
Bow height: 121
Bréaker stép: 22, 283
Buoyancy: 23, 34, 64, 67, 68, 393
W
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Bureau. of Aercneutics design no. 182: 176
Bureaun of Asronautlcs Mark V float: 195
Bureau of Aeronautics Mark VI float: 195

Cavitation: 64, 7h, 98, 99, 100, 101, 102, 103, 105, 108, 111,
117, 378 ‘
Center-of -gravity positiom: 22, 29, 6k, 1hh, 145, 177, 263, 26L,
272, 274, 280, 281, 291, 297, 299,
317

Chines: 15, 22, 64, 83, 121, 1ike, 166, 193, 203, 2k7, 252, 315,
316, 339, 3k2, 346, 350, 351, 356

Coands effect: 77T
Consolidated P4Y (model 31): 250, 258, 260, 279, 292, 315, 319, 320-
Consolidated P3Y: 302
Consolidated PBY: 56, 112, 216, 246, 255, 294, 30k, 329
Courtney Amphibian: 210, 26k
Curtiss H-16: 237
Curtiss NC: 191
Curtiss SC: 344
Curtiss Seagull: 32 .
Dead rise: 6, 12, 15, 22, 64, 78, 83, 84, 87, 92, 121, 133, 154,
167, 1éo, 186, 18g, lgé, 199, 221, 226, 249, 253, "
269, 271, 275, 280, 299, 306, 309, 342, 356, 375
. (See also Afterbody warping and Forebody werping.) -
Depth of water: 64, 162, 385, 388 ' |
Descriptions: 35 to 41
Design: 6, 8, 10 to 35, 173, 331, 355, 375, 390
Directional stability: 27, 48, 64, 109, 153, 179, 195, 234, 257,
260, 279, 280, 281, 283, 285, 200, 292,
gg;, 295, 316, 333, 334, 335, 336, 366,
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Dornier Do.X: 37

Dougles DT-2: U6

Douglas YO-kh: 213

Edc model 37-15750: 207
Bdo model 38-3430: 208
Edo model 62-6560: 35T
Bdo model 0S2U-2-68: 357
Edo model 0S2U-2-68F: 357
Edo mudel'ff 136

Edo model XT: £09

F-5-L: Wb

Fairchild Amphibilan: 206

Falrey N.hk: 137

Flaps: 42, 43, 4B, 61, 6k, 218, 258, 265, 27k,

312, 314, 315

Flight-path angle: 95, 224, 228,
Float-wing arrangement: 64, 312, 314

Fluted bottom: 22, 6L, 1k7, 188, 210, 315, 382

Forsbody form: 311

Forebody length: 15, 17, 22, 6k,
315, 320

Forebody warping: 22, 64, 253, 306, 307, 309

230, 231, 232

NACA RM No, L6113

281, 282, 284, 295

154, 168, 2h0, 241, 243, 280, 307,

Frictional resistence: 26, 78, 82, 83, 84, 170, 171, 214, 215, 383

Glider: 312, 313, 314, 316

Gloster IV: 354
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Grumman 0A-9: 268

Guidoni SVA fleat: 117
Hull-Aluminwe PH-L: 242

Heeling moment: 233

* Belght of hull: 6lk, 240, 3&0, 32
Heinkel EE 5: 226

Heinkel HE 9: 226

Hook on step: 282, 293, 382
Hughes-Kaiser HK-1: 166, 317, 351

Hull form: 6, 11, 13, 30, 160, 172, 331 (See also Afterbody form,
Bow form, and Forebody form.)

Hull losding: &, 13, 17, 21, 22, 29, 43, 5, 50, 64, 82, 135, 1h3,
ik, 1hs, 177,7186, 202, 221, 229, 235, 21, 248,
251, 253, 255, 260, 272, 273, 281, 282, 287, 290,
291, 292, 295, 299, 300, 306, 307, 315, 321, 323,
324, 328, 329, 371, 396, LOO

Bull volume: 186

Hydrofoils: 1, 6, 22, 33, Lo, 64, 98 to 120, 192, 195, 20k, 280,
311, 37k

Impact: 6, 25, 26, 6k, 89 to 97, 172, 218, 219, 221, 223 to 232,
230, 237, 239

Jat-assisted take-off: 1k, 56, 57, €k, 218, 364

Ersider-Reisner XA-Qho: 206

Landing stability: 8, 22, 64, 75, 217, 220, 250, 255, 258, 260,
o7k, 276, 271, 279, 280, 288, 292, 293,
agh, 295, 297, 298, 299, 302, 303, 304,
311, 317, 318, 323, 324, 325, 326, 328,
329, 366, 397

Landplanss, comperison with seaplanss: 1i3,

2,3, 4 6, 7,9,
" 3hs, 348
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Latdcodbrs 521: 159
Length-bsam ratio: 22, 29, 64, 130, 138, 1kk, 153, 1564, 165, 167,
181, 185, 186, 2k0, 253, 255, 342, 37&
(3ee also Beam.)
Longitudinal curvature: 64, 83, 84, 125, 174, 185, 187
Longitudinal stability (hydrodynamic): 6, 22, 27, 3%, 64, 76,
109, 121, 13k, 145, 145,
153, 169, 180, 202, 216,
250, 252, 254, 255, 257,
258, 261 to 329, 331, 366,
375, 377, 385, 392, 394,
396, 397, 400, kOl
Longituiinal stability (hydrostatic): . 23, 70, 73
Longitudinal steps: 22, 26, &4, 196, 205, 311
Martin JRM: 311 -
Martin M-130: 11@7; 21z
Martin P3M:. 131,. 151
Mertin PBM: 175, 282, 283, 328, 334
Martin PBEM (M-170): 162, 177, 234, 251, 284, 285

Moment of inertia: 22, 263, 267, 273, 291, 315, 396 (See also
Radius of gyretion.)

Nakajima Rufe 2: 32
N-9E: U5

Navy IRG: 316

Navy IR3: 31k

Nevy PN: 192
Operation: 2, 5, 361
Performence: 4, 5, 57

Piloting: 143, k9, 63, 6k, 229, 290, 338, 362, 363, 364, 365,
365, 367
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Piening: 64, 78 to 88, 105, 171, 1%, 271
Planing flaps: 22, 6%, 279, 297, 311, 315, 325
Planing teil: 64, 106, 163

Pressurs distribution: 16, 82, 83, 90, 170, 184, 227, 229, 235,
236, 237, 238, 239, 326, 327

Propellers: =22, 64, 169, 183, 2i3, 2h6, 265, 263, 280, 286, 329,

338, 358, 363

Radius of gyraﬁion: 22, 272, 315 (See also Moﬁent of insrtia.)

Resistance: 16, 22, 34, b, 45, 46, 64, 82, 86, 87, 107, 117, 118,
121 to-215, 218, 222, 235, 252, 257, 273, 281, 285,
290, 297, 308, 309, 310, 312, 313, 321, 322, 323,
325, 327, 374, 381, 382, 385, ko1

Rivets: 21k, 215 '

Rohrback Ro II: 3¢

Rohrbach Romar: 35

Rough water: 6, 34, 38, 6k, 76, 219, 221, 229, 236, 237, 248,
‘ 252, 323, 36z, 364, 367 _

Savoia S-12: 38 )
Savoia S-55-X: 189

Scale effect: 1%, 27, 75, 78, 83, 9%, 122, 169, 170, 171, 173, 199,
2ho, 2h9, 261, 262, 301, 304, 375, 385, 388

Seaplane bases: 6, 365, 369, 370
| Seaweys: 362, 364
Short Calcutte: 158
Short Cruseder: 354
Short Emplre: 322
Short Saro 37: 48
Short. Singapors: 1350, 223, 291, 391
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Short Sunderiend: 55, 61, 183, 202, 218, 222, 229, 252, 287, 300,
323, 326, 349

Side steps: 64, 333, 334

Sikoreky S-k0: 127

Skegs: 6L, 333, 33%

Spray: 22, 29, 64, 83, 90, 110, 112, 121, 123, 130, 137, 1k2, 144,
145, 146, 153, 166, 167, 168, 169, 171, 180, 181, 16k,
198, 199, 203, 205, 240, 241, 242, 243, 245 to 255, 257,
260, 265, 268, 279, =80, 283, 290, 292, 300, 311, 31k,
317, 320, 321, 329 : ,

Spray strips: 22, 64, 131, 142, 143, 154, 196, 204, 206, 242, 243,

§ﬁ*§>’ 243, 251, 258, 260, 280, 329, 333, 334, 340,

Step dépth: 15, 17, 22, 64, 121, 129, 152, 167, 201, 250, 255,
o75, 279, 2By, 294, 297, 298, 299, 307, 311, 315,
318, 340, 348, 357, 396

Step fairing: 6L, 156, 157, 202, 280, 282, 300, 301, 318, 321, 325,
327, 3k2, 3k6, 348, 351, 356, 357, 39%0

Step plun form: 22, 6k, 123, 128, 146, 152, 156, 198, 199, 250,
: 255, 283, 29k, 298, 299, 310, 321, 324, 340,
342, 356
Step position: 15, 22, 64, 250, 281, 283, 299, 315, 317
Step, second: 144, 197, 203, 2k, 27k, 306, 319, 342, 356, 390

Sternpost angle: 22, 6k, 179, 306, 307 (See also Afterbody kcel
angle, Afterbody length, and Step depth.)

Stub wings: 16, 22, 37, 64, 204, 212, 256, 27k, 330, 331, 342,
385, 401

Supermarine S.5: 204, 354

Supermarine 8.6: 20k

Supermaino Southampton: 236

Taill danping: 22, 263, 265, 272, 273, 306, 307
SR
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Tail extension: 64, 121, 159, 168, 184, 280, 342, 350, 356

Teke-off: 8, 15, 17, k2 to 63, 112, 12k, 128, 157, 164, 170, 172,
197, 295, 331, kol

Testing equipment: 82, 111, 135, 138, 170, 226, 228, 290, 372, 373,
375, 377 to 390

Testing technique: 9, 30, 47, 82, 101, 124k, 135, 169, 170, 224, 233,
2kg, 256, 273, 277, 282, 283, 305, 322, 371,
372, 373, 375, 377, 379, 380, 387, 390 to 401

Tip floats: 16, 22, 64, 67, 69, 72, 76, 107, 118, 120, 137, 155,
233, 331, 332, 336, 339, 342, 351, 355, Loi

Trensverse sectlon: 21, 84, 90, 138, 139, 1lk2, 1Tk, 186, 223, 22k,
233, 24k, 269 (See also Chines and Desd riss.)

Transverss stebility: 16, 27, 34, 35, 64, 67, 68, 69, 71, 72, 73,
173, 179, 199, 204, 212, 233, 330, 331,
332, Lol

Trim: 43, b9, 55, 63, 84, 22k, 243

Trim indicator: L9, 63

Trimming buckets: 37, 6k

TS-1: 239

Tunnel bottom: 22, 5%, 138, 179, 254, 280

Twin floats: 16, 19, 2i, 68, 72, 73, 138, 173, 17k, 181, 199, 204,
257, 313, 316, 341, 381, 385

Ventilation: 22, 64, 77, 120, 138, 168, 1Tk, 182, 201, 235, 247,
258, 260, 279, 28@, 29’1, 295, 299, 303, 3011, 306,
318, 329 .

Vought-Sikorsky 082U: 357

Vought VO: 238

Wake: 64, 83, 87,_2&4, 256, 259, 280, 330, 333

Wateriooping: 76
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Water rudder: 14
Wing loadlng: See Hull loading.

Wing setting: 43, 49






